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CRETACEOUS ACTAEONELLID GASTROPODS FROM
THE WESTERN HEMISPHERE

By NORMAN F. SOHL and HEINZ A. KOLLMANN!

ABSTRACT

Actaeonellid gastropods constitute one family of the cephalaspidean
opisthobranch superfamily Acteonacea. During the Cretaceous they
were one of the most common biotic elements in the shallow warm-
water faunas of the Tethyan Realm. They were common associates of
the rudist framework (“reef”’) tracts that in the Western Hemisphere
ranged throughout the Mexico-Central America-Antillean-Gulf
Coast region. Maps are presented showing the worldwide distribu-
tion of these gastropods during five time intervals of the Cretaceous
Period. Their greatest latitudinal extent was during Albian to
Cenomanian times; subsequently, they were restricted to narrowed
Tethyan and marginal Tethyan areas. One paleolatitudinal anoma-
lous occurrence in Alaska may be related to current concepts of
suspect allocthonous terranes.

Actaeonellids show a progressive increase in numbers of species
from their first appearance in the Barremian Stage to a high in the
late Turonian to Santonian interval. Subsequently, their diversity
declined during the Campanian and Maastrichtian, and, like their
common associates the nerineid gastropods and rudist bivalves, they
became extinct at the end of the Cretaceous. Their record in the
Western Hemisphere is at some variance with that of actaeonellids
in the rest of the world. During the latest Cretaceous, they main-
tained a high level of diversity in the Caribbean to Mexico region
and showed a tendency toward taxonomic provincialism. This latter
feature is demonstrated by the appearance in the Maastrichtian of
species of Actaeonella having only two instead of three columellar
plications and by the presence of an endemic subgenus Trochactaeon
(Mexicotrochactaeon) in rocks of Coniacian to Maastrichtian Age.

Evidence is presented to indicate that actaeonellids possessed two
distinct adult life habits. At postlarval metamorphosis, both
Actaeonella and Trochactaeon were initially epifaunal. Subsequently,
Actaeonella assumed an infaunal habit, whereas Trochactaeon re-
mained epifaunal to adulthood. In addition, studies of associated
biotic elements suggest that the two genera possessed different
salinity tolerance; Trochactaeon (Trochactaeon) had the broader
range of tolerance, ranging well into environments of low salinity.

Only two genera, Actaeonella and Trochactaeon, are recognized as
present in the Western Hemisphere. Trochactaeon is subdivided as
follows: the nominate subgenus, T. (Neocylindrites), T. (Sevanella),
and T. (Mexicotrochactaeon). Of these, only T. (Sevanella)lacks repre-
sentation in this hemisphere. The earliest occurrences in the
Western Hemisphere of species of Actaeonelle and Trochactaeon
(Neocylindrites) are in rocks of Albian Age. The reason for their
absence in rocks of suitable pre-Albian facies is unknown. In total, 14

!Naturhistorisches Museum in Wien, Geologisch-Paldontologische Abteilung, Vienna,
Austria.

species of Trochactaeon are described, seven of them new. In addi-
tion, three more species are distinguished but not formally proposed
because of insufficient material. Actaeonella is represented by 14
described species (nine new), and one species is distinguished but
unnamed because of inadequate information.

A final section of this report consists of a catalogue of the described
Cretaceous species of actaeonellids. This listing is the data base used
for the construction of the maps of distribution and the histograms of
diversity with time.

INTRODUCTION

Knowledge of the Cretaceous molluscan faunas of the
Western Hemisphere is very unequal with respect to
geographic areas, biologic group, and stratigraphic in-
terval. For example, mollusks of the late Late Creta-
ceous of the Coastal Plains of eastern North America
are quite well documented, whereas those of the Carib-
bean region to the immediate south are, overall, poorly
known. In the Caribbean region, only one molluscan
group, the rudist bivalves, is at all reasonably known.
In general, knowledge of the Western Hemisphere
faunas of the Cretaceous temperate marine seas is
much greater than that of faunas of the Tethyan
(warm-water tropical) biogeographic province. The
present work is intended to give detailed information
about the Actaeonellidae, one of the major molluscan
groups distributed throughout the warm-water Tethyan
Realm.

The Actaeonellidae constitute but one family of the
cephalaspidean opisthobranch superfamily Acteonacea.
As here conceived, they were restricted to the Creta-
ceous Period. Their extinction at the end of the Creta-
ceous coincided with that of the rudist bivalves,
nerineid gastropods, and other major faunal associates
of the Tethyan warm-water biota. Although the ac-
taeonellids were of low generic diversity, the almost
200 species recorded in the catalogue section of this
report show that though their geologic history was
relatively short, they were a very viable group.

The actaeonellid gastropod fossils described herein
lived in the tropical Tethyan and marginal Tethyan
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seas. They were common faunal elements associated
with the Cretaceous carbonate platform communities
most noted for their abundance of rudist bivalve frame-
work-building organisms (Kauffman and Sohl, 1974).
In many parts of the Tethyan Realm they were suffi-
ciently abundant to constitute principal constituents of
rock bodies (Kollmann, 1965, fig. 23, Sohl, 1971, fig. 1).
In the Eastern Hemisphere, their taxonomy and distri-
bution has received considerable attention by paleon-
tologists (Kollmann, 1967; Hacobjan, 1972, 1976,
Djalilov, 1972; Pchelintsev, 1953); in the Western
Hemisphere, however, no such synthesis has previously
been attempted for the group. One major reason for
this lack of knowledge has been the reconnaissance
level of geologic work in much of the region that con-
tains outcrops of Tethyan-belt Cretaceous rocks. In re-
cent years, knowledge has increased because of in-
creased interest in the geology of the outcropping
Cretaceous rocks of Mexico, Central America, and the
Caribbean area. This interest has been engendered in
part by the common occurrence of hydrocarbon re-
sources in rudist bivalve framework structures and
associated rocks and in part by the role the Caribbean
region plays in global plate-tectonic theory.

Much of the material that forms the basis for this
paper was collected by Sohl (1956-1974) during a U.S.
Geological Survey cooperative program with the Com-
monwealth of Puerto Rico. The aim of this program
was to provide total geologic mapping of that island.
Concurrent studies were carried on by Sohl and others
on the Cretaceous rocks of Jamaica because of the pres-
ence there of less structurally disturbed sequences that
afforded better opportunity to establish stratigraphic
ranges of taxa. The remainder of the material described
has been assembled from collections housed at various
institutions throughout the United States.
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REFLECTIONS OF SOFT PARTS ON THE
ACTAEONELLID SHELL

Certain anatomical features of the Actaeonellidae
and their relative placement can be deduced from shell
characters.

COLUMELLAR RETRACTOR MUSCLES

Longitudinal grooves on the upper quarter of the
parietal area of the body whorl of Trochactaeon have
been described by Kollmann (1967). They occur about
one-half of a whorl behind the aperture and in some
species may be divided by a series of small ridges. We
note herein similar structures in Mexicotrochactaeon.
These longitudinal grooves are depressions of the hypo-
stracum, marking the position where soft parts adhered
closely to the shell. Positioning of this longitudinal
band of grooves on the body whorl well behind the
aperture suggests that this feature marks the position
of the columellar retractor muscles. The work of Fretter
and Graham (1954) supports this interpretation. They
figured a specimen of the cephalaspidean Actaeon
tornatilis with the shell removed, which shows the
columellar muscle occurring as a band on the upper
part of the whorls. Lemche (1956) recorded muscles in
the same location on Cylichna. His anatomic investiga-
tions, however, suggest that these muscles function as
retractors of the mantle.

CHARACTER OF THE MANTLE EDGE

The form of the aperture provides some information
on the nature of the mantle margin. For example, in T.
(Trochactaeon), T. (Neocylindrites), and T. (Mexico-
trochactaeon), a parietal inductura extends over the
body-whorl surface outside the aperture and over the
columella, with a margin bending anteriorly toward
the concave basal lip. The boundaries of this inductura
indicate the limits of the extension of the mantle out-
side the aperture (fig. 1C). In contrast, no inductura
has been observed on shells of Actaeonella. The basal
lip of Actaeonella is somewhat reflected (pl. 19, fig. 8),
suggesting a thickening of the mantle, which may
have served as a device against intrusion of sediment
into the mantle cavity.
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B and C modified from Kollmann, 1967
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Ficure 1.-Morphologic features of the actaeonellids. A, View of a Trochactaeon shell as seen from the anterior; arrows indicate
postulated directional trends of (1) upper columellar muscle, (2) middle columellar muscle, (3) lower columellar muscle.
B, Shell as viewed in cut section, showing shell layers and internal features: (1) ostracum, (2) first-formed hypostracum,
(3) last-formed hypostracum, (4) palatal or outerlip plication or fold, (5) columellar plications or folds. C, External shell fea-
tures: (1) posterior or anal sinus, (2) parietal lip with inductura, (3, 4) columellar plications, (5) columellar lip with inductura.
(B and C modified from Kollmann, 1967.)
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MUSCULATURE OF THE HEAD-FOOT MASS

All actaeonellids possess columellar plaits (figs. 1B
and 1C), but strength and extent of both the plaits and
the excavated areas between plaits may vary. The up-
per, or posteriormost, columellar plait invariably ex-
tends out of the aperture onto the body-whorl surface.
The second or next anterior plait normally terminates
at the aperture. That is, it ends on the columellar sur-
face precisely at the intersection of the outer lip and
apertural margin plane. When present, a third and
anteriormost plait never reaches the aperture margin
plane. The plaits themselves represent the position of
hypostracum crests that separate parallel muscle
bands. The differing lengths of the plaits, plus the
slight difference in their angle of inclination relative to
the shell axis, suggest that the muscle bands served
different functions relative to the head-foot mass. The
interplait areas trend in an anterior direction overall.
The incision above the first, or posterior, columellar
plait, is the most strongly depressed. In Actaeonella, T.
(Neocylindrites), and T. (Trochactaeon), it is a rather
narrow incision, but in 7. (Mexicotrochactaeon) the
incision is broad and terminated posteriorly by a pari-
etal plait. According to the trend of the incision, the
muscle must have had a basic horizontal action func-
tion (fig. 1A). The incision between the posterior and
second plait trends more toward the left side of the
shell as viewed from the anterior. The incision between
the second and third, or anteriormost, plait trends
downward and to the right (fig. 1A). The fact that the
upper (posteriormost) muscle-insertion area extends
outside the aperture suggests that the soft parts could
not be completely retracted. When these fossils are
compared with some living neogastropods having colu-
mellar plaits (Ponder, 1973), one may postulate that
the actaeonellid interplait muscle bands were used to
control head and foot movements during burrowing or
ploughing through the substrate.

EXHALANT AREA

Many authors (Cossmann, 1895; Delpey, 1939;
Termier and Termier, 1952; Pokorny, 1959; and Koll-
mann, 1967) have pointed out the importance of the
structure of the posterior aperture margin of the
actaeonillid shell for interpreting life habits of the
group. On shells of Trochactaeon, the posterior edge of
the outer lip bends back in a sinus curve for approxi-
mately one-sixth of a whorl before it becomes attached
to the penultimate whorl. This posterior slit is closed at
the attachment point by a subsutural ramp that is
formed by hypostracum layers. This suggests that shell
material was deposited by the mantle surface and not
at the mantle edge in the vicinity of the sutural ramp.

The posterior sinus is in a position analogous to the
right posterior end of the mantle chamber, an area that
probably also bore the anal aperture. Obviously, the
posterior sinus (fig. 1¢) marks the position where cur-
rents carrying fecal wastes were extruded. This inter-
pretation is consistent with similar structures and
functions in such living Cephalaspidae as Actaeon,
Philine, Scaphander (Fretter and Graham, 1954), and
Cylichna (Lemche, 1956), as well as in certain neogas-
tropod groups that possess columellar plaits and have a
burrowing habit (Ponder, 1973).

ECOLOGY

Actaeonellids were common members of Cretaceous
faunal assemblages that are widely distributed in a
belt paralleling the Equator, a belt commonly called
the Tethyan province or realm (Sohl, 1971, and figs.
5-13). The actaeonellid pattern of distribution is simi-
lar not only to that of such other gastropods as the
nerineids Trajanella, Pileolus, and Discotectus but also
to that of the corals that Beauvais and Beauvais (1974)
have termed “building corals” and to that of the rudist
bivalve framework builders (Kauffmann and Sohl,
1974). These faunal associations have long been consid-
ered to delimit a tropical biotic realm. The distribution
shown by some actaeonellids suggests that they may
have had a wider temperature tolerance than others.
For example, node-bearing forms of Trochactaeon are
found not only in normal warm-water assemblages in
the Caribbean and in Transcaucasian Armenia but
also from both northern and southern extremes of
actaeonellid distribution. The noded species T.
(Trochactaeon) woodsi (Rennie) occurs in the Cretaceous
of Pondoland, South Africa, associated with a fauna
otherwise similar in composition to that of the North
American Ripley Formation that Sohl (1964) judged as
a temperate fauna. North of the Tethyan belt, noded
species such as T. (Trochactaeon) beyrichi (Drescher,
1863) occur in Coniacian-Age rocks in Poland and
Czechoslovakia (Fri¢, 1911; Andert, 1934), where the
associated fauna contains only one other species,

! Nerinea bicincta Bronn of Andert (1934), of presumably

warm-water affinities.

LIFE MODE

Direct evidence of life mode of Actaeonella is found in
an occurrence near Morgan Mill in Erath County, Tex.,
mentioned in the section on substrate preference and
illustrated on plate 1. In the lower part of the sectioned
slab is a bioturbated zone about 6 cm thick. Parts of
both vertical and diagonal burrows having a circular
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cross section can be recognized in this zone. Cut sec-
tions occasionally intercept specimens of Actaeonella
within the burrows (see arrow “A” on pl. 1). The speci-
mens sectioned are oriented with the anterior part of
the shell inclined downward. Both the form of the bur-
rows and orientation of the shells therein agrees well
with Fretter and Graham’s (1954) observations of the
burrowing behavior of Actaeon tornatilis (Linne). These
opisthobranch gastropods begin burrowing into the
substrate in a vertical or diagonal direction. After a
few centimeters of penetration they turn to a lateral or
horizontal mode of travel and then eventually move
back toward the sediment surface. During burrowing,
the head lobes and pedal gland are pressed against the
sand; secretions then agglutinate the sand particles
and cement the burrows, preventing collapse as the
animal moves on.

The close similarity of the burrows of Actaeonella
and Actaeon and the similar orientation of the shells of
both genera within the burrows is strong evidence for
postulating an infaunal habit for Actaeonella. In addi-
tion, the general shell form of Actaeonella and T. (Neo-
cylindrites) suggests an infaunal life habit. Not only
does the spindle-shaped outline suggest such a habit,
but the funnel-shaped posterior siphon in Actaeonella
and the sutural slit of T. (Neocylindrites) are analogous
to similar sanitary devices in other infaunal gastro-
pods (Kollmann and Yochelson, 1976). Ponder (1973)
has pointed out that infaunal neogastropods have both
a similar siphonal canal system and columellar plaits.

Although Trochactaeon possesses a posterior siphonal
slit, other characters suggest that it had a life mode dif-
fering from that of Actaeonella. In contrast to the
smooth streamlined spindle-shaped shells of Ac-
taeonella, Trochactaeon has a relatively high spire and
a proportionally broad shell; some species even bear
coarse nodes on the whorl shoulder. Overall, these
characters do not appear to be conducive to an infaunal
habit, but infaunal habit is found in other living snails
of similar form. The infaunal tonnacean Cassis mada-
gascarensis spinella Clench, is large, possesses noded
whorls, and superficially resembles Trochactaeon. As
Moore (1956) noted, this species plows through the sub-
strate in search of its prey, the echinoid Plagiobrissus.
Though grossly similar to Trochactaeon, Cassis differs
significantly in its widely expanded aperture that
reflects a great broad muscular foot, a feature not pres-
ent in Trochactaeon.

The great variability in shell character within indi-
vidual species of Trochactaeon may also suggest a pri-
marily epifaunal existence. This variability is espe-
cially well expressed in proportional height of the spire
and in maximum diameter of the body whorl compared
with total height. Such variability far exceeds any

comparable variation in Actaeonella. The work of
Levinton (1973) and others provides an explanation. In
studying extant bivalves, Levinton has demonstrated
that below the sediment-water interface, temperature
and salinity variations are at a minimum. Similarly,
as water depths increase, there is a correlative increase
in environmental stability. Levinton concluded that
species living in variable environmental settings
tended toward polymorphism, whereas those living in
the more stable situations tended toward isomorphism.
Struhsaker (1968) has demonstrated a similar relation-
ship in the Gastropoda. She found that polymorphic
species of Littorina were better adapted to withstand
environmental extremes than were isomorphic species.
Thus, Actaeonella fits the model of an isomorphic form
living in a stable situation such as that provided by
an infaunal habit, in contrast to the polymorphic
Trochactaeon.

We can see no direct correlation between a gastropod
having a proportionally higher spire or greater maxi-
mum diameter and the ability to withstand greater
environmental variation. Thus, we assume that these
characters were genetically linked with other charac-
ters that together provided some advantage.

Other lines of evidence suggest that Trochactaeon
was dominantly an epifaunal dweller. For example,
many shells show the effects of mechanical wear and
either repair of shell or internal secondary shell deposi-
tion (pl. 15, fig. 8). In many shells, numerous additional
shell layers are deposited in the spire and internally
separate the body or later whorls from those formed
earliest. Kollmann (1967) has noted that the hypo-
stracum shell layers are exposed near the suture. These
layers are not as resistant as those of the ostracum and
are the first affected by mechanical wear such as wave
action. Thus, probably in response to irritation of the
mantle, secondary lamellae were deposited in the pos-
terior part of the whorl (pl. 15, fig. 9). The fact that
apical whorls could be sealed off indicates the ability to
withdraw the visceral mass from the earlier parts of
the shell, that is, those parts most endangered. Such
withdrawal logically could cause a shell-space problem
that was not totally alleviated by continued growth.
This problem may have been countered by resorbtion
of some shell wall and columellar structures (pl. 15, fig.
9). Both secondary deposition of lamellae and resorb-
tion phenomena have been observed in T. (Trochac-
taeon) but have not been noted in Actaeonella and T.
(Neocylindrites).

The foregoing lines of evidence suggest that Trochac-
taeon lived in shallow, well-agitated water and that if
it ever was a dominantly infaunal organism, it became
increasingly epifaunal in habit during the Late Creta-
ceous. Such a view would be consistent with the fact
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that species such as T. (Mexicotrachactaeon) coniformis
(Bose), which is one of the stratigraphically youngest
species, shows the highest degree of shell polymorphism.

Not all workers accept such a view of the life habits
of Trochactaeon. For example, Herm and Schenk (1971)
concluded that, on the basis of the proportionally nar-
row aperture and comparatively large and thick shells,
Trochactaeon was not very mobile and possessed a
rather stable life position. This interpretation has sev-
eral weak points. For example, such a sedentary mode
would be compatible only with a filter feeding or
mucous-string feeding habit. Both these feeding modes
are unknown among other opisthobranchs (Purchon,
1968). The closest analogues, the Cephalaspidea, are
all collectors of organic detritus. In addition, one may
also cite both the Cypraeidae and Conidae as groups
that have shells of at least moderate size, possessing a
proportionally narrow aperture and yet not being sed-
entary. Herm and Schenk (1971) have also applied
Vogel’s (1968) suggestion that the curvature or growth
direction of a radiolitid on a gastropod shell in a direc-
tion opposite that of the growth direction of the outer
lip indicates that it grew upon the shell of a live snail.
Among the specimens investigated by Herm and
Schenk, 72 percent show radiolitids attached in a
fashion consistent with the growth of both rudist and
Trochactaeon; 28 percent do not. Fretter and Graham
(1954) mentioned that in all cephalapidean gastropods,
the shell aperture is to the right of the midline of the
shell. Even if the aperture is rather narrow, which, in
actaeonellids, it appears to be only when the edge of
the outer lip is broken, an empty shell has greater sta-
bility relative to overturning on the aperture side. Dur-
ing the growth of a radiolitid that settled upon a dead
shell, the probability of rotation or overturning toward
the less stable side—that is, opposite the aperture—is
highest. Thus, most radiolitids would show a growth
direction that Herm and Schenk believe is character-
istic for growth on a shell of a living gastropod. Finally,
the high concentration of shells at the locality they
studied suggests accumulation after death. If this is
true, such a shell pavement would provide a prime
hard substrate for settlement of rudist spat and the
subsequent growth of radiolitids. In summary, we do
not see that the evidence of narrow aperture, size, and,
rarely, radiolitid attachment provides a compelling
case for interpreting Trochactaeon as a sedentary epi-
faunal gastropod.

On the basis of the evidence and interpretations pre-
sented above, we maintain that Actornaeonella and T.
(Neocylindrites) were infaunal burrowers much in the
fashion of Actaeon tornatilis and that T. (Trochactaeon)
and T. (Mexicotrochactaeon) were primarily epifaunal
vagrant benthos elements.

SUBSTRATE PREFERENCE

Direct evidence for substrate preference of actaeo-
nellids is rare. Most such evidence points to a prefer-
ence for finer grained bottom sediments. For example,
in Cretaceous exposures in roadcuts immediately
northwest of Morgan Mill in Erath County, Tex.,
Actaeonella sp. was found in living position (pl. 1, fig. 1,
and preceding discussion on life habits). The rock is a
calcareous, silty fine sand. Turritella is the only asso-
ciated larger fossil. We interpret the Actaeonella as an
infaunal burrower and believe that the Turritella prob-
ably paralleled its living counterpart T. communis by
living apex down in the muddy sand substrate in its
filter-feeding mode (Merriam, 1941; Yonge, 1946;
Thorsen, 1965; and others). Low-diversity associations
of this type are not uncommon today in relation to
cephalaspidean opisthobranch gastropods. For exam-
ple, Parker (1975) has noted that in the Woods Hole,
Mass., vicinity, Cylichna oryza (Totten) and Retusa
canaliculata (Say) occur together in clayey silt sub-
strates where other gastropods are rare. Similarly,
Herm (1977), in his studies on the faunal assemblages
of the northern calcareous Alps, has emphasized the
low diversity in his “Trochactaeon association.” These
“associations’” are divided first into a Radiolites-
Trochactaeon group occurring in a well-sorted, medium-
grained sand that is interpreted as a high-energy beach
deposit. Laterally, these deposits grade into ““Trochac-
taeon sands,” in which shells are concentrated by wave
action. Herm also described obviously autochthonous
Trochactaeon from poorly sorted silty sands that con-
tain beds of pebbles, a deposit that he interprets as
tidal flat.

Actaeonellid-dominated Cretaceous deposits are
sporadic throughout the Caribbean Antilles and in
Central America. In general, these occurrences paral-
lel those from Europe described above. Actaeonella
occurs in some deposits to the virtual exclusion of other
molluscan taxa. Chubb (1959, p. 743), in describing the
uppermost sandy limestone of the Nuevo beds of
Chiapas, Mexico, stated that “A. cf. laevis occurs in in-
credible profusion in all exposures; other fossils are
generally comparatively rare.” These Actaeonella are
referred to A. borneensis herein (pl. 19, figs. 16-21) and
occur in a matrix of fine calcareous quartz sand con-
taining large Foraminifera, rounded concentric-growth
algal spheres (5 mm diameter), and echinoid debris.
The large (8 cm) slender actaeonellids are well pre-
served, showing little evidence of transport. The combi-
nation of biotic elements suggests a shallow nearshore
deposit of moderate energy level. Another Actaeonella-
dominated assemblage from the Melones Limestone of
southwestern Puerto Rico has been figured by Sohl
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(1971, fig. 1). The actaeonellas are in a calcareous
tuffaceous limestone containing abundant angular
coarse clasts of volcanic rocks and generally finer
rounded bioclastic fragments of echinoids and rudists.

Not all Actaeonella occur in sand. For example,
Actaeonella jicarensis Sohl and Kollmann, is found in a
muddy limestone in Puerto Rico (Smith and others,
1968, p. G2), in which tall slender nerineids and Turri-
tella are the other dominant species. Nerineids are
usually the most abundant, but locally Actaeonella sp.
may dominate.

T. (Trochactaeon) woodsi (Rennie), a noded form, in its
occurrences in Puerto Rico is found both in a mechani-
cally concentrated bed at locality 39 and as the domi-
nant constituent in limestone at localities 41 and 47
(fig. 20). The latter limestones indicate that the sub-
strate was basically a lime mud, but allocthonous
rounded coarser shell debris is not uncommon.

T. (Mexicotrochactaeon) is most common in shaly in-
tervals interbedded with rudist-dominated limestones
in such sections as that along the Rio Minho in the
Central Inlier of Jamaica (localities 64 and 65, fig. 21).
The matrix is generally a silty clay containing fine
shell and plant fragments. The associated fauna is
moderately diverse, including a few species of infaunal
bivalves, the thin-walled small rudist Distefenella, and
trochiform and strombid gastropods. Kauffman and
Sohl (1974) have viewed these as lagoonal associations.

The above observations can only vaguely suggest
that Trochactaeon and its allies preferred calcareous
muds, whereas Actaeonella was more commonly asso-
ciated with somewhat coarser clastic sediments.

SALINITY TOLERANCE

The well-studied Upper Cretaceous sequences in the
Alps provide us with the best information relative to
salinity tolerance of the actaeonellids. Earlier authors
(Zittel, 1881-1885; Zapfe, 1937; Pokorny, 1959) usually
considered the fossils to have lived in brackish water.
This was suggested to explain the concentrated occur-
rence of Trochactaeon in the northern calcareous Alps.
In addition, these authors considered both Actaeonella
and Trochactaeon to belong to the same genus. On the
basis of a comparison of the accompanying fauna, Koll-
mann (1965), in contrast, demonstrated that Actaeonella
and Trochactaeon possessed differing salinity toler-
ance. Although Kollmann found no suggestion that
salinities higher than Polyhalinikum (classification of
Remane, 1963, see also fig. 2) could be tolerated,
Schenk (1972) demonstrated that both genera could
tolerate the higher concentrations of the Euhalinikum.
In figure 2, occurrences of Actaeonella, T. (Neocylin-
drites), and T. (Trochactaeon) have been plotted against

Remane’s salinity zones. As indicated on this figure, T.
(Neocylindrites) and Actaeonella do not pass into salin-
ity zones below 18 ppm. In the Alpine Cretaceous,
these two genera occur in association with rudist and
coral faunas, which are commonly quite taxonomically
diverse. Similar occurrences may be documented from
numerous Western Hemisphere localities. Such limita-
tions of distribution support the view that the habitats
of T. (Neocylindrites) and Actaeonella have a closer
affinity than do the habitats of either of them to that of
T. (Trochactaeon).

T. (Trochactaeon) presumably had a broader salinity
tolerance, ranging from Meiomesohalinikum (5-10
ppm) to Euhalinikum (30-40 ppm). The association in
shales of Trochactaeon with Glauconia, Neritopsis,
Pirenella, and Pseudomelania led Kollmann (1965) to
postulate a low-salinity occurrence. Similar associa-
tions are documented elsewhere in the Alps, such as
Herm’s (1977) Polymesoda-Glauconia association. In
addition, similar faunas are found near Dreistaetten in
lower Austria and Vorderstoder in upper Austria. The
constancy of the composition of these assemblages is
strong support for the view that Trochactaeon was a
component of many brackish-water faunas.

In many sections, sandstones contain densely packed
Trochactaeon shells. In discussion of such occurrences,
Nuttall and Leong (1972, p. 6) stated: “It seems likely
that many concentrations of shells of one species occur
as a result of differential sorting after death. The most
acceptable explanation is that actual actaeonellid lime-
stones were formed of current-sorted shells probably in
very shallow water.”” We agree that many such pauci-
specific occurrences are the result of transport and size
sorting. However, some occurrences of Trochactaeon-
dominated, low-diversity assemblages appear to us to
represent a biocoenosis. For example, Herm (1977)
reported sands containing abundant Trochactaeon of
various size grades (growth stages) and associated with
a few specimens of the coral Astrocoenia, the gastropod
Patella, and the bivalves Pedalion and Tellina. The
sands are highly bioturbated by Callianassa, but the
assemblage is deemed autochthonous. This sand
assemblage grades laterally into other sands that con-
tain size-sorted Trochactaeon. Herm (1977) also re-
corded Trochactaeon in an assemblage dominated by
the bivalve Cucullaea and the gastropod Ampullina.
Because rare specimens of Glauconia and Polymesoda
are also associated in this assemblage, it is assigned to
the Pleiomesohalinikum (10-18 ppm) salinity zone.

Present knowledge of the occurrences of T. (Neocylin-
drites), Actaeonella, T. (Mexicotrochactaeon) and T.
(Trochactaeon), in the Caribbean region is insufficient
to indicate salinity tolerance to the degree indicated
for the assemblages discussed above. This insufficient
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knowledge is primarily due to the lack of study of the
molluscan faunas in general in the area and especially
to the dearth of quantitative analyses.

EARLY ONTOGENY AND DISPERSAL
POTENTIAL OF ACTAEONELLIDS

Maestrichtian-age shales at several localities in
Jamaica have yielded immature actaeonellid speci-
mens that show the character of the protoconch and its
relationship to the early teloconch development. These
specimens indicate a significant difference in early life
history between Actaeonella and Trochactaeon.

In Actaeonella, the early sequence of growth may be
seen in the specimen figured on plate 2, figure 4. This
specimen (USNM 305999) from the “Titanosarcolites
limestone” of the Marchmont inlier (locality 97) of
Jamaica, although poorly preserved, shows a complete
heterostrophic protoconch at the apex together with
the initial phase of the teloconch. The protoconch or
larval stage has a diameter of 0.24 mm and is delim-
ited from the teloconch by a narrow incision. On this
and a second specimen (pl. 2, fig. 3, USNM 305998)
from this locality, one may note that the first three
teloconch whorls form a turriculate shell. These whorls
are convex sided and show no subsutural ramp. After
these three initial whorls, shell geometry changes;
whorl overlap increases so rapidly that after one more
whorl, most of the teloconch is enveloped. The change
from an initial turriculate teloconch stage to later total
envelopment is also shown in the illustration (pl. 23,
fig. 5) of a section cut through the center of a specimen
of Actaeonella cubensis.

The clear distinction between Actaeonella and
Trochactaeon is well seen by contrasting figures 3 and
4 with figures 1 and 2 on plate 2. The two specimens of
Trochactaeon (Mexicotrochactaeon) sp. from the Guinea
Corn Formation of Jamaica illustrated here show that
the protoconch is similarly heterostrophic (see pl. 3,
figs. 1-4), and it is clearly separated from the teloconch
by an incision. The maximum diameter of the proto-
conch, however, is 0.18 mm, and the whorls are circu-
lar in cross section. The early whorls of the teloconch
have the same elongate narrow shape with subsutural
ramp as those of the later shell.

The major differences thus indicated between Ac-
taeonella and Trochactaeon early growth stages are:
1. The diameter of the protoconch is larger in speci-

mens of Actaeonella than in Trochactaeon (Mexico-
trochactaeon). Kollmann (1967) also found a simi-
lar relationship in actaeonellids from Gosau,
Austria; the protoconch of T. (T.) lamarcki con-
sisted of two volutions having a maximum diam-

eter of 0.1 mm, whereas that of A. laevis exceeded
0.2 mm.

2. The early teloconch whorls of Trochactaeon (Mexico-
trochactaeon) have a subsutural ramp and are
almost exactly like those of the later teloconch.
Kollmann (1967) noted the same character for T.
(Trochactaeon). In contrast, Actaeonella under-
goes a two-stage change in shell geometry, first, a
change in coiling direction between larval and
neanic stages (postprotoconch) and second, a
change in overlap of the whorls after the third
convex-sided teloconch whorl culminating in an
involute shell.

Although the protoconch size differs in Actaeonella
and Trochactaeon, it may have little significance. In
both genera the ratio between the number of proto-
conch volutions and the maximum diameter places
them in the same category as those prosobranchs hav-
ing a long to moderately long pelagic larval stage
(Shuto, 1974). More information is needed to determine
whether protoconch size is consistent in the group, but
the distribution of the family during the Cretaceous
supports a high larval dispersal capability.

The second noted contrast between Actaeonella and
Trachactaeon is more significant. The incision separat-
ing protoconch from the teloconch certainly marks the
metamorphosis or change from a pelagic life stage to a
benthonic life mode for both. We suggest elsewhere
that Trochactaeon was epifaunal as an adult, and the
outogeny would suggest that this mode was assumed at
metamorphosis. By contrast, we have presented evi-
dence that the adult Actaeonella was of infaunal habit.
The early teloconch turriculate-form developmental
stage, however, may mark a short epifaunal crawling
stage that preceded the assumption of the adult in-
faunal mode that is marked by the adult Actaeonella
involute shell form.

DISTRIBUTION AND DIVERSITY

Figures 3-13, showing species diversity and distribu-
tion of the Actaeonellidae, have been derived from the
information presented in the accompanying species
catalogue. The data are divided into five time cate-
gories that to some degree crosscut stage boundaries.
These five intervals are: Barremian; Aptian to Albian;
Cenomanian to lower Turonian; upper Turonian to
Santonian; Campanian to Maastrichtian. We realize
that this breakdown into several large time intervals
may obscure some important fluctuations in diversity
and distribution. This objection is offset by the fact
that precise age assignment of many many taxa is sus-
pect. Acceptance of worldwide time equivalency of such
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NUMBER OF SPECIES

1 2 3 4 5

PROPORTIONAL STAGE DURATION
IN MILLIONS OF YEARS (M.Y.)

EXPLANATION

Trochactaeon ( Trochactaeon)

Trochactaeon ( Neocylindrites)

Trochactaeon ( Mexicotrochactaeon)

Trochactaeon (Sevanella)

Ficure 3.—Histogram of species diversity among the subgenera of
Trochactaeon during the Cretaceous. Width of the columns is pro-
portional to the duration of the stages represented. 1, Barremian
(4 m.y.); 2, Aptian-Albian (18 m.y.); 3, Cenomanian-lower Turonian
(6 m.y.); 4, upper Turonian-Santonian (7 m.y.); 5, Campanian-
Maastrichtian (19 m.y.).

assignments is variable, and construction of maps and
graphs on that refined a basis would introduce many
errors of fact. We have confidence that in accepting
these broader time intervals, the minor “noise” fluctu-
ations that the erroneous age assignments would cause
is smoothed out, and the concommitant potential for
misinterpretation is thus reduced.

Figures 3 and 4 show diversity of Actaeonellidae
with time. The patterns of peak diversity for Trochac-
taeon and Actaeonella show a remarkable consistency.
Both show progressive increase in number of species
from their first appearances to a high in the late
Turonian to Santonian, followed by a decline in Cam-

CRETACEOUS ACTAEONELLID GASTROPODS FROM THE WESTERN HEMISPHERE
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Figure 4.—Histogram of Actaeonella species diversity during the
Cretaceous. Width of the columns is proportional to the duration of
the stages represented. 1, Aptian-Albian (18 m.y.); 2, Cenomanian-
Turonian (6 m.y.); 3, upper Turonian-Santonian (7 m.y.); 4,
Campanian-Maastrichtian (19 m.y.).

panian to Maastrichtian time. This decline, however,
does not reach as low a level as that during the virtu-
ally equally long Aptian to Albian time. One might
argue that the maximum is a reflection of provincial
taxonomy, biased by the unusually large numbers of
described species from the Transcaucasus (Pchelintsev,
1953, 1954; Hacobjan, 1972; Djalilov, 1972).

If these species from the Transcaucasus are discarded
from consideration, a large number of species in the
Mediterranean region and elsewhere remain. Thus,
although the peaks of diversity might be less accentu-
ated if a more stringent species concept was used, the
diversity peaks do seem to have objective validity.

The Cenomanian to Santonian interval also marks a
time of wide distribution of Actaeonellidae in the
Tethyan realm and in such marginal areas as northern
California, Brazil, and East Africa (figs. 7, 8, 11, and
12). The general lack of actaeonellids at this time in
the Caribbean is striking. This absence coincides with
what Khudoley and Meyerhoff (1971, p. 116) consider
the major stratigraphic break in the Cretaceous se-
quence of the Antilles, that is, “Cenomanian or early
Turonian below and the Campanian or Maastrichtian
above.” They envision this as a period of erosion dur-
ing which few basins received sediments. Where sedi-
ments are present, they are deeper water mudstones
and volcaniclastic rocks. In summary, this period was
one of little or no carbonate-platform sedimentation.
Locally in Mexico and California, a few actaeonellids
are present.

In three aspects, the Campanian through Maastrich-
tian interval stands in marked contrast to the upper
Turonian to Santonian interval. The first aspect is a
lesser diversity, the second, a longer time interval, and
the third, a declined proportional geographic represen-
tation. Few Campanian and Maastrichtian species
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occur in the old diversity centers of Mediterranean
Europe and the Transcaucasus, but the Caribbean-
Mexico region possesses the highest diversity of both
Actaeonella and Trochactaeon. By Maastrichtian time,
the Caribbean can almost be deemed a refugium.

Among the Actaeonellidae, the subgenus 7. (Neo-
cylindrites) was the first to appear. It is recorded from
the Barremian of southern France by two species,
Trochactaeon (Neocylindrites) barremicus Sayn and T.
(N.) boutillieri Cossmann (fig. 5). T. (Neocylindrites)
never attained the diversity of the other subgenera
during any unit of time considered here (fig. 4), but
representatives maintained a presence throughout the
remainder of the Cretaceous. T. (Neocylindrites) at-
tained its greatest distribution during Albian time (fig.
6), its range extending from Central Asia through
Mediterranean Europe to Angola and westward to
Texas and Baja California. By Cenomanian to early
Turonian time (fig. 7), T. (Neocylindrites) was restricted
to the area from the Transcaucasus to central Europe.
The Campanian Maastrichtian species are restricted to
the Western Hemisphere and are represented by T.
(N.) nelsoni Sohl and Kollmann in Puerto Rico and 7.
(N.) punctatus (Maldonado-Koerdell) in the State of
Chiapas, Mexico.

The nominate subgenus 7. (Trochactaeon) shows a
rapid and continuous increase in species from its first
appearance in the Cenomanian through Turonian time.
This increase is followed by a decrease to the Campa-
nian to Maastrichtian interval. This viable group, how-
ever, maintains the highest diversity of any of the sub-
genera throughout its stratigraphic range (fig. 4).
Although widely distributed in Europe, Africa, and the
Middle East during Cenomanian time, no Western
Hemisphere representatives are known until the Turo-
nian when T. (T.) frazierensis and T. (T.) packardi were
present in California (fig. 8). Maximum geographic
range of Trochactaeon was probably attained in Cam-
panian time (fig. 9), species being reported from such
disparate areas as Pondoland, South Africa; the
Trichinopoly area of southern India; and the Assam
Province of northeastern India. Maastrichtian occur-
rences appear restricted to the Caribbean region in the
form of (T.) (T.) woodsi (Rennie).

The first record of T. (Mexicotrochactaeon) is in the
Coniacian of Mexico (fig. 8). The subgenus subsequently
spread throughout the Caribbean region and is to be
found in the highest Maastrichtian beds of the Antillean
islands. It thus appears to be the last survivor of the
genus.

T. (Sevanella) is a short-lived Coniacian to Santonian
endemic subgenus restricted to Transcaucasian U.S.S.R.
(figs. 4, 8).

Actaeonella first occurs in beds of Aptian Age; it is

represented by A. fusiformis Coquand from Spain and
Lebanon and A. baconica (Benko-Czabalay) from Hun-
gary. By the end of the Albian, species of Actaeonella
are to be found eastward from this center to the Trans-
caucasus, southward to West Africa, and westward
through the Caribbean and Texas to Baja California.
Actaeonella never attained as high a species diversity
as did Trochactaeon (compare figs. 3 and 4), but it is
found in areas not reached by the latter (figs. 10-13).
Most of these extensions are latitudinal, into marginal
Tethyan areas. For example, in the Cenomanian and
early Turonian (fig. 11), Actaeonella is found well north
of Tethys in eastern Siberia, and in North America, it
occurs well outside the normal Caribbean track on
Martha’s Vineyard, Mass. Perhaps the most unusual
occurrence is that of Actaeonella sp. C, which is found
in the Yukon River valley of Alaska. This far-north
occurrence is so anomalous that it may best be ex-
plained within the framework of “‘suspect terranes”
(Coney and others, 1980). That is, the host rock is part
of an allocthonous or transported mass accreted to the
North American Cordilleran margin after the middle
Cretaceous. Maastrichtian distribution of Actaeonella,
like that of Trochactaeon, was much reduced. Ac-
taeonella was represented in Europe only by A. olivi-
formis in France and A. agricolai Vidal from the
Garumnien of Spain. Despite its restricted world geo-
graphic range, Actaeonella remained diverse and abun-
dant in the Maastrichtian deposits of the Caribbean
region into the youngest Cretaceous rocks known in
the area (fig. 13).

EVOLUTION OF THE ACTAEONELLIDAE

Kollmann (1967) has discussed the relationships be-
tween Cylindrites and the Cretaceous Actaeonellidae.
He suggested that Neocylindrites was a direct descen-
dant of Cylindrites that differed only by possessing a
larger number of columellar plaits. He considered
Neocylindrites (Barremian to Maastrichtian) to be the
conservative stem from which all other actaeonellids of
middle and Late Cretaceous age descended (fig. 14).

This phylogenetic relationship has been modified by
Hacobjan (1972, 1976) and Djalilov (1972) (see fig. 14
for comparison). Djalilov (1972), dealing only with
Actaeonella and other involute forms, derived them
directly from Ptychocylindrites (Jurassic to Early
Cretaceous), a nearly involute form with a depressed
apical part. Among these involute genera, Omphac-
taeonella and Eotrochactaeon have been removed from
the Actaeonellidae by Kollmann and Sohl (1979) and
assigned to the Itieriidae. Hacobjan (1972, 1976), on
the other hand, is in favor of separate phylogenetic
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origins for the spired and involute forms of Actaeon-
ellidae. He derived Actaeonella from Actaeonellina
Pchelintsev, 1963, and T. (Neocylindrites) from Cylin-
drites. Although morphologic agreement is good among
the genera Ptychocylindrites, Actaeonellina, and Ac-
taeonella, we do not agree with the direct descendance
of Actaeonella from one of the two other genera, as was
proposed by Djalilov and Hacobjan. The paleontological
record shows that T. (Neocylindrites) occurred much
earlier in the Cretaceous than did Actaeonella. Both
Cylindrites and T. (Neocylindrites) are found in Barre-
mian rocks, but neither Actaeonellina or Ptychocylin-
drites occur in Lower Cretaceous rocks. For this
reason, we maintain the phylogenetic position of T.
(Neocylindrites) as the older and conservative stem in
the family from which all other, mostly Late Creta-
ceous forms, have descended (fig. 15). Actaeonella arose
from this stem in the late Aptian by an increase in
overlap of the whorls, leading ultimately to an involute
shell form. Evidence for this evolutionary transition
stage is shown by Actaeonella fusiformis Coquand from
the Aptian of Spain and Lebanon. In this species, the
overlap is still not total, so that the early whorls are
still visible.

The normal base plan of three columellar plaits is
present throughout the geographic and stratigraphic
range of Actaeonella. The species described in this
paper that bear only two plications occur in the
Maastrichtian of Cuba, Jamaica, and Mexico (fig. 15)
and are considered only a congeneric Caribbean en-
demic offshoot of the primary Actaeonella lineage.

Trochactaeon (Trochactaeon) is proposed to have
evolved from T. (Neocylindrites) during the upper part
of the Cenomanian. The transition involved an increase
in proportional breadth of the shell and an increase in

spire height. In general, Cenomanian species such as

T. (Trochactaeon) matensis (Fittipaldi) and T. (Trochac-
taeon) pseudocylindraceus (Pschelintsev) remain mor-
phologically close to T. (Neocylindrites), as the whorls
are only slightly inflated. In the Western Hemisphere,
this form group, which was named Mesotrochactaeon
by Hacobjan (1972, 1976), is represented by the Cali-
fornia Turonian species T. (Trochactaeon) packardi
(Anderson) and T. (Trochactaeon) frazierensis (Ander-
son) (pl. 8).

Trochactaeon (Mexicotrochactaeon) makes its first ap-
pearance in the Coniacian rocks of Mexico (fig. 15). It
differs from T. (Trochactaeon) in possession of a parietal
fold or swelling. 7. (Mexicotrochactaeon) is restricted in
distribution to the Western Hemisphere, but in this
area it diversified rapidly, and, with the exception of
the noded 7. (Trochactaeon) woodsi, it replaced
Trochactaeon s.s. completely. The fact that Actaeonella
and T. (Neocylindrites) both maintained worldwide dis-

tribution through the Late Cretaceous may suggest
that typical Trochactaeon had a lower dispersal poten-
tial. This factor, compounded by the progressive sepa-
ration of the Caribbean area from Europe during post-
Cenomanian time, may have created an interrupted
gene flow leading to endemism. To some degree, as dis-
cussed previously, this view is supported by the smaller
protoconch size in Trochactaeon as compared with that
in Actaeonella. In addition the only Trochactaeon to oc-
cur in post-Turonian rocks are forms related to 7. (T")
woodst, distinctive by being noded Trochactaecon as
well as being related to forms from South Africa rather
than to those from Europe.

Trochactaeon (Sevanella) Hacobjan (1972) evolved
from Trochactaeon (Trochactaeon) and consists of a
short-lived (Coniacian to Santonian) group of species
endemic to the Armenian SSR. They are all heavily
noded shells with laterally depressed whorls.

Actaeonellids became extinct at the end of the Creta-
ceous. This extinction parallels that involving many
other groups such as nerineid gastropods and rudist
bivalves that were dominant components of the Tethyan
shallow-water Cretaceous marine assemblages. What-
ever cause one proposes for these extinctions, the fact
remains that the Actaeonellidae were declining in
diversity during the latter part of the Late Cretaceous
prior to extinction (figs. 3 and 4). Parallel to this decline
in the diversity of actaeonellids was a rise in the diver-
sity of gastropod groups of similar habit. Cephalas-
pidean gastropods and neogastropods are dominantly
carnivores and both increased markedly in diversity
during Late Cretaceous time. The early evolution of
the neogastropods was restricted to the boreal and
temperate seas (Kollmann, 1979). During the Albian,
the neogastropods invaded the Tethyan seaways in
which the actaeonellids were already established. Dur-
ing the Late Cretaceous, the neogastropods increased
significantly, occupied increased numbers of ecologic
niches, and in essence must have come into direct com-
petition with the Actaeonellidae. Also during this
time, new feeding habits in other groups such as the
Naticidae (Sohl, 1969) suggest a concomitant effect on
existing food chains and disruption of prevailing bio-
logical equilibrium on the existing surface and sub-
strate of the sea bottom. That the decline of the
actaeonellids coincides with these events seems more
than mere coincidence.

STRATIGRAPHIC SUMMARY OF WESTERN
HEMISPHERE ACTAEONELLID OCCURRENCE

Actaeonellid gastropods occur sporadically but are
locally abundant in Cretaceous rocks of post-Aptian
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Age throughout the Western Hemisphere (figs. 16-25).
Their absence in rocks of Aptian Age is unexplained,
as seemingly suitable facies were present in such areas
as southern Mexico (Allencaster de Cserna, 1956) and
the Benbow inlier of Jamaica (Sohl, 1979), where their
common associate the nerineid gastropods are abun-
dant. Figure 19 shows that actaeonellids are most
diverse during the Albian and the Campanian to
Maastrichtian time in the Western Hemisphere. This
might be predicted from the fact that this time coin-
cides with widespread carbonate-shelf deposition in the
Caribbean to Middle America region, thus providing
optimum environmental conditions for the establish-
ment of actaeonellids. This phenomenon finds a paral-
lel in the episodic rudist-framework-building activity
noted by Kauffman and Sohl (1974, 1979) for the Carib-
bean region.

In this region, correlation of the units within which
actaeonellids occur is based primarily upon a rudist
bivalve biostratigraphy. The endemic nature of the
rudist faunas, however, precludes their utilization for
intercontinental correlation. Age assignments are
therefore based upon the conventional biostratigraphic
tools of ammonite, inoceramid, or planktonic foramini-
fer associations. For some areas, such as Texas, the for-
mations are firmly dated because of the intensive work
that has been done and the abundance of biostrati-
graphic information. In other areas, such as the Antil-
lean islands, critical dating fossils are rare in the domi-
nantly volcaniclastic sequences. Thus, the correlations
of formations presented on figures 17 and 18 rest
mainly on summaries provided by Pessagno (1979) for
foraminifers, Kauffman (1979) for inoceramids, and
Sohl (1979) for ammonites and other macrofossils. The
rudist bivalve ranges presented on these figures are
based primarily on the studies by Dommelen (1971)
and MacGillavry (1977) and on unpublished observa-
tions of Sohl.

Precise information on the localities at which the
actaeonellids discussed here were found is provided in
the locality register (p. 48). These localities have been
given numbers keyed to general locality maps (figs. 20
to 25) and to the sections on occurrence in the species
descriptions. Undoubtedly some new taxa and many
new finds of actaeonellids will be made as work pro-
ceeds beyond the existing reconnaissance level of in-
vestigation, especially in Hispanola, Central America,
and parts of Mexico.

EARLY CRETACEOUS RECORD

The record of Early Cretaceous actaeonellids in the
Western Hemisphere is sporadic and restricted to rocks

of Albian Age (fig. 16). In the Antillean islands,
reported occurrence of actaeonellids is restricted to the
eastern and central parts of the island of Puerto Rico.

Where found, as in the Barrancas Limestone Member
of the Magueyes Formation in Puerto Rico (fig. 16),
Actaeonella is a rare constituent in muddy lagoonal
limestone associated with Caprinuloidea rudist bivalve
framework sequences (Kauffman and Sohl, 1974, fig.
23, C) of early to middle Albian Age. Elsewhere,
actaeonellids are locally abundant in the area from
Guatemala northward to Texas and thence westward
to Baja California. In all these areas they occur in rock
sequences containing intervals in which faunas are
dominated by rudist bivalves. Trochactaeon (Neocylin-
drites) cumminsi Stanton and Actaeonella peconsensis
Stanton are especially common in the middle to upper
Albian biosparites of the Devils River Limestone in
southwestern Texas (fig. 23, localities 134, 135, 138,
139), where they are associated with abundant nerineid
gastropods. Trochactaeon (Neocylindrites) cumminsi,
however, is not restricted to biosparites, as it also oc-
curs in tuffaceous siltstone of the Alisitos Formation in
Baja California (Allison, 1955).

In Guatemala, Actaeonella browni is abundant and is
associated with a diverse mixed assemblage of inter-
tidal to shallow subtidal grass-flat mollusks and clus-
ters of small rudist bivalves of probable late Albian
Age.

LATE CRETACEOUS RECORD

Occurrence of actaeonellids in Upper Cretaceous
rocks of the Western Hemisphere is better known. The
occurrences are, overall, similar to the faunal associa-
tions of the Lower Cretaceous and parallel the track of
the rudist-framework facies. Several notable excep-
tions to this pattern exist. The first is the occurrence of
a few specimens of Actaeonella sp. (pl. 22, fig. 7) in
Cenomanian rocks of Martha’s Vineyard, Mass. Here
(Sohl, 1977, p. 203), their association with cerithiid
gastropods, Brachydontes, and other bivalves suggests
a marginal marine, lagoonal to estuarine assemblage.
This occurrence is latitudinally well north of rudistid
distribution and probably represents an incursion of
the genus north into more temperate or at least mar-
ginal Tethys waters during middle Cenomanian time.

The other anomalous Late Cretaceous occurrence is
that of Trochactaeon (Trochactaeon) frazierensis and T.
(T) packardi (Anderson) in sandstones in northern
California (fig. 25) in rocks of Turonian Age, well north
of normal rudist distribution. The association here of
Trochactaeon species with such genera as Trajanella
suggests a northward incursion of warm-water species
into a generally temperate province.
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ring in calcareous shale interbedded between rudist-
rich limestones. In both the Guinea Corn Formation of
the Central inlier and in the Marchmont inlier it
occurs within the lower part of the range zone of
Titanosarcolites that equates with the middle
Maastrichtian.

The three remaining species of Trochactaeon (Mexico-
trochactaeon) have a wider geographic range. The first,
T. (M.) wrighti, is restricted to the Antillean Islands of
Jamaica, Puerto Rico, and Cuba, but 7. (M.) teaensis
and T. (M.) rossi range from Mexico through the An-
tilles. All three species range through most of the mid-
dle and perhaps lower part of the upper Maastrichtian.

Actaeonella.—Cenomanian through Turonian repre-
sentatives of Actaeonella are rare in the Western
Hemisphere and are unknown in rocks of Coniacian
and Santonian Age. In contrast, they are locally abun-
dant and diverse in rocks of Campanian and Maastrich-
tian Age. In general, this pattern parallels that of
Trochactaeon; however, individual species are slightly
longer ranging and few are as widely distributed.

Cenomanian distribution is restricted to question-
able range extensions of two species known to occur in
the Albian of Texas and Guatemala (fig. 19) and to an
unnamed Actaeonella (pl. 22, fig. 7) that occurs with
late Cenomanian mollusks in erratic boulders on
Martha’s Vineyard in Massachusetts. Actaeonella
oviformis Gabb demonstrates the presence of the genus
in California, but its precise stratigraphic range is
unknown. Although Coniacian and Santonian occur-
rences are unknown at present, Actaeonella may well
be found in rocks of these ages in geologically unex-
plored parts of Middle America. Only one species cur-
rently unnamed is present in lower Campanian rocks;
it occurs in shales of the Rio Bauta Member of the
Pozas Formation in Puerto Rico. Late Campanian
through Maastrichtian time saw a great increase in
Actaeonella species diversity. Of special interest among
these species is A. borneensis, whose distribution,
which includes occurrences in the limestones of the
Rancho Nuevo beds of Chiapas, Mexico, and in central
Cuba in addition to its type locality in Borneo, stands
in sharp contrast to the endemic Caribbean-Middle
America distribution of the other coeval species. This
affinity with Indo-Pacific faunas parallels that pointed
out by Kollmann and Sohl (1980, p. A5) for Western
Hemisphere Vernedia gastropods.

Three other species of Actaeonella—A. cubensis, A.
robinsoni, and A. jicarensis—are of special note. They
are especially distinguished by possessing two columel-
lar plaits, which are best shown on plates 22 and 23.
The first two are rare and all are limited in distribu-
tion. Actaeonella cubensis is known only in calcareous
shales of probable Maastrichtian Age from Oriente

Province, Cuba. The second species, A. robinsoni, is
known from middle Maastrichtian rocks in the Guinea
Corn Formation of Jamaica and the Cardenas Forma-
tion of Mexico. A. jicarensis is known from but a single
locality; it occurs in exceptional abundance in lime-
stones of the middle Maastrichtian El Rayo Formation
of Puerto Rico, cooccurring with abundant nerineids.

A. duckettsensis, A. marchmontensis, and A. briggsi
are endemic to single Antillean Islands. The first is the
longest ranging (Campanian to middle Maastrichtian)
and, although restricted to Jamaica, is found widely
there. Actaeonella marchmontensis is the most com-
mon species in the Titanosarcolites-bearing limestone
and shale of Jamaica. It occurs in both the Maldon
Limestone and Woodland Shale of the Maldon inlier, in
unnamed shales of the Marchmont inlier, and in cal-
careous shales of the Guinea Corn Formation of the
Central inlier. Actaeonella briggsi is restricted to the
Maastrichtian Revés Member of the Pozas Formation
and to the El Rayo Formation, both of central Puerto
Rico, and to the El Rayo Formation and Cotui Lime-
stone of the southwestern parts of the island.

The remaining named species, A. coquiensis, ranges
from upper Campanian to middle Maastrichtian and is
known from the Coamo Formation of south-central
Puerto Rico and from the Maldon Limestone and
Stapleton Formations in Jamaica.

Many specimens of undetermined specific affinities
are widespread in Campanian and Maastrichtian rocks
of the Caribbean, Mexico, and Central America.
Although poorly preserved, they do serve as a record
for occurrence in such units as the Inoceramus Shales
of the St. Ann’s Great River inlier of Jamaica and the
Maravillas Formation of Puerto Rico.

LOCALITY REGISTER

The number in the far left-hand column of the locality
register (1-170) is that cited under the section labelled
“occurrence” in each species description; this number
is also placed in the appropriate geographic position on
the locality index maps (figs. 20-25). The locality num-
ber is followed in sequence by the USGS Mesozoic (or
other identified institution) collection number, the geo-
graphic locality, the stratigraphic assignment, and the
collectors and date on which the collection was made.

USGS Mesozoic

colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collector(s),
(fig. 20} identified) year of collection
PUERTO RICO
Barranquitas Quadrangle
1 ——— 29368 ————————— Revés Member of the Pozas Forma-

tion. From 0.5-m-thick bed of gray
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USGS Mesozoic

USGS Mesozoic

colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),

(fig. 20 identified) year of collection (fig. 20 identified) year of collection
tuffaceous limestone 4 m above the 161,310E. N. F. Sohl and W. O.
base of an 8-m thick, dominantly Ross, 1965.
greenish-gray to brownish-red tuf- 9 ——— 29381 ————————- Botijas Limestone Member of Pozas
faceous shale unit. Roadcuts of Formation. Massive, whitish, bio-
Puerto Rico Route 772 on south- clastic limestone exposed on hill
facing valley wall of Rio Canabon, slopes north of Rio Cafiabon 2.74
1.85 km east-southeast of road in- km east-southeast of road junction
tersection in Botijas, Barranquitas in Botijas, Barrio Cafiabon, Muni-
Quadrangle, Barrio Canabon, cipio de Barranquitas. Puerto Rico
Municipio de Barranquitas. Puerto meter grid 44,100N x 161,650E.
Rico meter grid 44,500N x N. F. Sohl and W. O. Ross, 1965.
160,150E. N. F. Sohl and W. O. 10 ~———— 29294 ————————— Botijas Limestone Member of Pozas
Ross, 1965. Formation. Roadcuts of Puerto

2 ——— 29367 ——————— Revés Member of the Pozas Forma- Rico Route 568 between Orovcovis
tion. From gray-brownish calcare- and Botijas about 50 m from the
ous, tuffaceous, cobbly siltstone at small settlement at a sharp road
top of a 7-m-thick, gray to brown- bend 0.56 km (airline) a little
ish, tuffaceous shale, about 10 m north of immediately west of Boti-
above the preceding collection jas, Barrio Botijas, Municipio de
(29368) at the same locality. Orocovis. Puerto Rico meter grid

3 ———— 29366 ————————— Revés Member of the Pozas Forma- 45,450N x 158,880E. N. F. Sohl
tion. From 0.5-m-thick bed of fine- and W. O. Ross, 1965.
grained cobbly limestone immedi- 11 —— 26802,31489 ——— Botijas Limestone Member of the
ately overlying the preceding col- Pozas Formation. Limestone ex-
lec:tion (29367) at the same locality. posed in roadcusts of Puerto Rico

4 ——— 29365 ——————r Reves Member of Pozas Formation. Route 568 between Orocovis and
From 1.5-m-thick !oed of redr:lish- Botijas at a small settlement on
brown shale overlying collection sharp bend of road 0.56 km (air-
29366; locality is the same as that line) just north of west from Boti-
of Icollectlon 29368 (loc. 1). jas, Barrio Botijas, Municipio de

5 ——— 29364, 30388 ———— Revés Member of Pozas Formation.

[ J—
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&
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From 0.25-m~thick bed of rudist-
bearing cobbly limestone immedi-
ately overlying shale of preceding
collection: locality same as for
29368 (loc. 1). N. F. Sohl and W. O.
Ross 1965; N. F. Sohl and W. O.
Ross, 1973.

Revés Member of Pozas Formation.
Limestone float on hill slopes above
roadcuts of Puerto Rico 772 de-
scribed under USGS colln. 29368
(loc. 1). N. F. Sohl and W. O. Ross,
1973.

Revés Member of Pozas Formation.
Cuts of Puerto Rico Route 772,
1.85 km east-southeast of road
junction in Botijas, Barrio Botijas,
Municipio de Barranquitas. Puerto
Rico meter grid 44,725N x
161,000E. N. F. Sohl, H. Koll-
mann, and W. O. Ross, 1974.

Botijas Member of Pozas Formation.
Massive bioclastic limestone ex-
posed on hill slopes immediately
above Rio Cafiabon at meander
2.25 km east-southeast of the road
junction in Botijas, Barrio Canabon,
Municipio de Barranquitas. Puerto
Rico meter grid 44,290N x

Orocovis. Puerto Rico meter grid
45,500N x 158,880E. N. F. Sohl
and P. A. Gelabert, 1957; N. F.
Sohl and W. O. Ross, 1965.

12 ———— 29862, 31363 ———— Barrancas Limestone Member of the
Magueyes Formation. From shaly
interbeds below main dark-gray to
blackish limestone exposed in
quarry near Barrancas, 5.06 km
northeast of Barranquitas, Barrio
Barrancas, Municipio de Barran-
quitas. Puerto Rico meter grid
44,200N x 164,100E. N. F. Sohl,
1958.

Cabo Rojo Quadrangle

13 ———— 30565 ————————— Melones Limestone. Lower part of
15-m-high bulldozer scraping on
north-northwest-facing slope of
arcuately east-trending ridge 1.53
km northeast of Corozol, Barrio
Boqueron, Municipio de Cabo Rojo.
Puerto Rico meter grid 18,125N x
73,675E. N. F. Sohl and W. O.
Ross, 1974.

Melones Limestone. Upper Part of
the 15-m section exposed at local-
ity 13 above. Puerto Rico meter
grid 18,125N x 73,675E. N. F.
Sohl and W. O. Ross, 1974.

14 ——— 30566 ———————



Puerto Rico meter grid 27,900N x
162,000E. N. F. Sohl and P. A.
Gelabert, 1957.
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USGS Mesozoic USGS Mesozoic
colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),
(fig. 20} identified) year of collection (fig. 20) identified) year of collection
Cayey Quadrangle 20 -—— 26841 ——————— Maravillas Formation. From cobbly,
15 ——— 26822 ————— Rio Matdn Limestone Member of the shaly limestone exposed in lower
Robles Formation. Dark-gray to 27.4 m of hill slopes 1.01 km (air-
blackish bioclastic limestone ex- line) west-northwest of Sabana
posed on hill slopes about 30 m Hoyos and about 2.57 km west-
above and 61 m east of Puerto southwest of the road junction at
Rico Route 1, 2.74 km (airline) Las Flores, Barrio San Ildefonso,
west-southwest of Cayey Plaza, Municipio de Coamo. Puerto Rico
Barrio Pedro Avila, Municipio de meter grid 23,260N x 162,260E.
Cayey. Puerto Rico meter grid N. F. Sohl and P. A. Gelabert,
29,920N x 178,300E. N. F. Sohl 1957.
and P. A. Gelabert, 1957. 21 ——— 26845 ———————— Maravillas Formation. Cobbly Lime-
stone (about 800 m below top of
Central Aguirre Quadrangle formation) exposed at base of hill
16 ——— 26393, 29090 ——— Coamo Formation. Shale exposed in 0.27 kxp a little north '?f east of
30358 gullies above abandoned quarry pxjecedmg (26§41) locality. Puerto
about 10 to 14 m above road level Rico meter grid 23,300 x 161,960E.
at southeastern end of elliptical L. Glover and N. F. Sohl, 1957.
hill 0.88 km north-northwest of Florida Quadrangle
Puerto Rico 3 and the Coqui- 22— 28629 ————— Flor de Alba Limestone Lentil of
Cent.ral Agulr‘ret r.oad, Bar.rm Pozas Formation. Roadcut near
Aguirre, Mumapw dfa Salinas. top of hill 0.48 km east of Haci-
Puerto Rico meter grid .16,075N X enda Penonales, Barrio Pesas,
173,375E. H. L. Berryhill, 1956; Municipio de Ciales. Puerto Ri
unicipio de Ciales. Puerto Rico
N. F. Sohl, P.. A. Gelabert, and meter grid 51,500N x 144,400E.
H. L. Berryhill, 1957; N. F. Sohl N.F. Sohl and Arthur Nelson, 1962.
and E. G. Kauffman, 1964; N. F. 23 ———— 28742 —mmem Flor de Alba Limestone Lentil of
Sohl and W. O. Ross, 1973. P F tion. E 1
. ozas Formation. Exposure along
17 ——- 30359 —————————— Coamo Formation. Bulldozer track
. P secondary road 0.77 km west of
tgversmg lower pgrt of hl“, e Hacienda Flor de Alba, Barrio
diately abpve the 1‘nt'ersectmn‘of Cialitos, Municipio de Ciales.
the road circumscribing thg hill Puerto Rico meter grid 28,742N x
and the canefield road leading 143,025E. N. F. Sohl and Arthur
south to Route 3, Barrio Aguirre, Nelson, 1962.
Mumcxpl.o de Salinas. Puerto Rico 24 ——— 29372 ————————— Flor de Alba Limestone Lentil of
meter grid 16,480N x 173,875E. Pozas Formation. Limestones ex-
18— 30541 - CN‘ F. 20}11 an.d W.S}?.lRoss, 1973’ posed in roadcuts and hill slope,
oamo ormation. Shales expose north of sinkholes west of Haci-
1r? bulldozer track along Crvest of enda Flor de Alba, Barrio Cialitos,
h,dl 1.45 km'northwest of .lntersec— Municipio de Ciales. Puerto Rico
tion of Coqul-pentral Aguirre road meter grid 50,300 to 50,500N X
and Puerto Rico Route 3, near the 142,900 to 143,300E. N. F. Sohl
76—113 §u.mm1t. B%.irrlo Aguirre, . and W. O. Ross, 1965.
Municipio de Salinas. Puerto Rico
meter grid 16,410N x 173,100E. Orocovis Quadrangle
N. F. Sohl, H. A. Kollmann and 25 ——— 28830,29099 ——— Rio Bauta Member of the Pozas For-
W. 0. Ross, 1974. mation (near base of member).
Roadcuts of Puerto Rico Route
Coamo Quadrangle 157, 1.29 km (airline) from cross-
19 ———— 26834 ————v Maravillas Formation. Exposures of ing of the Rio Bauta, exposures of
conglomerate in upper 106.75 m of a calcareous, tuffaceous sand be-
formation. Roadcut of Puerto Rico low a sequence of welded tuff. Bar-
Route 14, about 1.609 km a little rio Damian Abajo, Municipio de
north of east of Coamo and imme- Orocovis. N. F. Sohl, 1963; N. F.
diately south of Rio Cayon, Barrio Sohl and E. G. Kauffman, 1965.
Palmarejo, Municipio de Coamo. 26 ———— 29383,30532———— Rio Bauta Member of Pozas Forma-

tion. Collections from float in
scraped areas along Puerto Rico
Route 157 derived from the same
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USGS Mesozoic USGS Mesozoic
colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),
(fig. 20) identified) year of collection (fig. 20) identified) year of collection
beds as 28830 at the same loca- Barrio Boqueron, Municipio de
tion. N. F. Sohl and W. O. Ross, Cabo Rojo. Puerto Rico meter grid
1965; N. F. Sohl, H. A. Kollmann, 18,700N x 73,275E. N, F. Sohl,
and W. O. Ross, 1973. H. A. Kollmann, and W. O. Ross,
27 ———— 28831 ————mem Rio Bauta Member of the Pozas For- 1974. .
mation. (near base of member). 33 ——— 29079, 29354 ———— Melones Limestone. Low exposures
Roadcuts of Puerto Rico Route along cattle run (abandoned farm
157, 1.29 km (airline) from cross- road) 3.22 km sou'th-southeast of
ing of the Rio Bauta, 0.5-m-thick Las Aren.as, Barrio L}anos Costa.
tuffaceous limestone rubble bed Puerto Rico meter grid 18,580N x
containing Barrettia, 3 m above 74,875E. N. F. Sohl, 1963; N. F.
the Trochactaeon-bearing tufface- Sohl and W. O. Ross, 1966.
ous sand bed of 28830. Barrio Da- Rio Descalabrado Quadrangle
gl? g::f‘lgg‘?mpw I 34 ——— 27611 ~——————— Maravillas Formation (zpper f})a]t('it).
28 ——— 30534 ——————— Rio Bauta Member (upper part) of the foi%()s;rlf ;;a:a?:ﬁ(::;) a:g’ rt(hle )
Pozas Formation. Collection from no rtl,lw‘est of Dscalabrado, Barrio
brown, tuffaceous, silty shale ex- Rio Cafias Abajo Municil;io de
posed in lower part of a bulldozed Juana Diaz. Puer,*to Rico meter
track on the east-facing slope of a grid 20,450N x 151,480E. Peter
north-northeast-trending ridge Mattso;l, 1959. ’
9verlookmg the. Rio Bauta and . 35 —— 27612 ~————————— Maravillas Formation (upper part).
J;;jfl tréoits}; Olgz:::f;(.:f P;el;t(; Ru.:g Exposures of limestone low on hill
44.900N >< 150 300E C(I)\I ; eSoiTl slopes, 2.33 km (airline) north- ‘
H.,A Kollmam’l and‘ W. O' Ross: n(.)rthw:»::st of De.ascalabrtafio‘, Barrio
197 4: ’ T ? Rio Cana.s Abajo, Mut.nc1p10 de
29 —— 28617 ——————— Sabana Hoyos Limestone Member of Jui::tinzaolzlggﬁP:eg(i I;;c(;)Em;zzr
the Maravillas Formation. Expo- lg\{rattsoil 1959 ’ )
sures in roadcuts on Puerto Rico ’ ’
Route 155 (at bench mark 595.3) Sabana Grande Quadrangle
4.75 km (airline) south-southeast 36 ———— 28664 28748 ————— Limestone within El Rayo Forma-
of junction with Rico Route 143, 29075, 29088 tion. Saddle and gullies below
Barrio Pedro Garcia, Municipio de crest of 125-m-high hill east of
Coamo. Puerto Rico meter grid Quebrada Jicara, 4.75 km south-
32,725N x 157,250E. N. F. Sohl west of Sabana Grande, Barrio
and R. P. Briggs, 1962. Lajas Arriba, Municipio de Lajas.
30 ——— 28618 ————————— Sabana Hoyos Limestone Member of Puerto Rico meter grid 23,900N X
the Maravillas Formation. Road- 93,400 to 93,600E. N. F. Sohl and
cuts of Puerto Rico Route 151 Peter Mattson, 1963; N. F. Sohl,
about 300 m south of Ortiga, Bar- 1963; N. F. Sohl and E. G. Kauff-
rio Hato Puerco Arriba, Municipio man, 1964.
de Villalba. Puerto Rico meter 37 ———— 30544 ————————— Limestone within El Rayo Forma-
grid 36,700N x 150,700E. N. F. tion. Near crest of 147-m-high
Sohl and R. P. Briggs, 1962. hill 0.88 km north-northwest of
Puerto Real Quadrangle Las Guar.as School and west'of
31 ——- 27014,29087 ———— Melones Limestone. West-facing E;;?OI\E $c§>?:3ee3§:l;aizrg:an de.
south-southwest of Las Arenas, ig:isingvg 00 R(’)ss. 19'7 4 ©
Barrio Boqueron, Municipio de ’ e ’ )
Cabo Rojo. Puerto Rico meter grid San German Quadrangle
18,525N x 74,750E. N. F. Sohl 38 ——— 30510 ——~——————— Basal part of Cotui Limestone. From
and R. P. Briggs, 1957; N. F. Sohl, a cobbly but nerineid-rich shaly
1963; N. F. Sohl, H. A. Kollmann limestone exposed on hill crest
and W. O. Ross, 1974. and southeast-facing slope to
32 ——— 30537 ——————— Melones Limestone. Crest and slopes southeast of the Palmarejo to

of 40-m-high hill, 3.78 km (air-
line) southwest of Las Arenas,

Lajas road (Puerto Rico Route 101)
1.09 km northeast of school at Pal-
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USGS Mesozoic USGS Mesozoic
colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),
(fig. 200 identified) year of collection (fig. 20 identified) year of collection
marejo, Barrio Sabana Yeguas, 46 ———— 30516 —————————- Lower part of the Cotui Limestone.
Municipio de Lajas. Puerto Rico Limestone exposures in field adja-
meter grid 23,800N x 85,025E. cent to road and hill slopes oppo-
N. F. Sohl, H. A. Kollmann, and site intersection with dirt track to
W. O. Ross, 1974. west, 1.89 km north-northeast of
39 ——- 30512 Basal part of Cotui Limestone. From intersection of Puerto Rico Routes
a 0.3-m-thick bed of brown silty 306 and 4 at Llanos, Barrio Paris,
shale containing a concentration Municipio de Lajas. Puerto Rico
of Trochactaeon woodsi (Rennie), meter grid 23,925N x 81,050E.
2.4 m above the limestone of N.F. Sohl and W. O. Ross, 1974.
30510 (preceding locality). N. F. 47 ———— 30518 ————————- Top of Cotui Limestone. Path and
Sohl, H. A. Kollmann, and W. O. field adjacent to jeep trail, 2.57
Ross, 1974. km south-southeast of road inter-
40 ——— 30347 Cotui Limestone. Collection from section in Monte Grande, Barrio
float near base of small limestone Tuna, Municipio de San German.
knob rising through the alluvium Puerto Rico meter grid 26,150N x
of the Lajas Valley and amidst a 81,980E. N. F. Sohl, R. P. Volck-
cluster of houses along a second- mann, and W. O. Ross, 1974.
ary road about 300 m east of junc- | 4g ____ 30354 - Limestone within the El Rayo Forma-
tion with Puerto 'R‘_co Route 116, tion. Northeast-facing slopes of
about 1.61 km (.au*llne) S_OUth' 46-m-~high hill in canefields east of
southeast of I“E‘}J?S’ Barn.o Sabana farm road, 1.20 km west-southwest
Yfeg'uas, Mumfnplo de Lajas. Puerto of road junction in Lajas Arriba,
Rico meter grid 22,790N x Barrio Lajas Arriba, Municipio de
87,140E. N. F. Sohl and W. O. Lajas. Puerto Rico meter grid
Ross, 1973. 22,725N x 90,050E. N. F. Sohl
41 ———— 30350 Cotui Limestone. Locality same as and W. O. Ross, 1973.
preceding (30347), but from mas- . 1
. X o 49 ——— 27090 ~———————— Limestone within E] Rayo Forma-
sive gray bioclastic limestone near tion. Slopes and quarry at base of
the top of the hillock. N. F. Sohl . 1 t trending elongate
and W. O. Ross, 1973, o e eI M€ > One
42 —— 31488 Limestone cobbles in tuffs of the El hill albude 25-39 m), about 0.24
. m north of Parada de Senal Iri-
Rayo Formation, 5.63 km south- Barrio Laias Arriba Muni-
east of San German, Barrio Lajas zarry, Barro La)
. . . cipio de Lajas. N. F. Sohl and R. P.
Arriba, Municipio de Lajas. Puerto Briggs, 1956
Rico meter grid 22,560N x ’ o .
89,700E. Peter Mattson, 1955. 493 —— 31488 ——————— El Rayo F.ormatlon. From limestone
43 ———— 30343 Erratic block of silicified limestone in cobbles in tuff about 5.63 km
brecia of the Sabana Grande For- southeast of San German. Puerto
mation. Exposures along foot trail Rico meter grid 22,560N x
about 2.73 km northeast of El 89,700E. Peter Mattson, 1954.
Brujo, Barrio Tuna, Municipio de 50 ——— 30364 ——-—————— Limestone within the El Rayo Forma-
San German. Puerto Rico meter tion. Collection from a 0.3-m-
grid 26,300N x 82,025E. Peter thick, cobbly, shaly limestone 17.4
Mattson, 1955. m above base of section exposed in
44 ——- Lower part of Cotui Limestone. Road- a quarry about 300 m north of
cuts at end of paved road 2.22 km road that follows Antigua via del
north of Llanos intersection, Bar- Ferrocarril north of Parada de
rio Paris, Municipio de Lajas. Senal Irizarry and 1.5 km airline
Puerto Rico meter grid 24,225N x west-southwest of road junction at
81,195E. N. F. Sohl and W. O. Lajas Arriba. Puerto Rico meter
Ross, 1974. grid 22,550N x 89,750E. N. F.
45 ———— 30514 ————-————— Lower part of Cotui Limestone. Hill Sohl and W. O. Ross, 1973.
slopes north of Puerto Rico Route 51 ——— 30367, 30526—-— Locality same as preceding but from
312, 2.22 km north of El Brujo, a thin shale interbedded with
Barrio Monte Grande, Municipio limestone 49.5 m above base of
de Cabo Rojo. Puerto Rico meter section exposed in quarry. N. F.
grid 26,480N x 80,000E. N. F. Sohl and W. O. Ross, 1973 and
Sohl and W. O. Ross, 1974. 1974.
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along the Rio Minho from a posi-
tion 100 m downstream from
Coates measured section in lower
part of formation, near Grantham.
A. G. Coates, 1964.

USGS Mesozoic USGS Mesozoic
colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
(unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),
identified! year of collection (fig. 20 identified) year of collection

5la ——- 30368 ——~————— Locality same as for locality 50, but 59 ——— 29961 —————mmmmm Guinea Corn Formation (basal beds).
from the lower part of a 30-m- Bluffs on right side of Rio Minho
thick unit of cobbly to massive immediately above the mouth of
limestone at the top of the section. the White River to about 12 m
N. F. Sohl and W. O. Ross, 1973. above the mouth, 2.25 km N.

54°W. of the bridge at Frankfield,
VIRGIN ISLANDS Clarendon Parish. A. G. Coates,
52 ———— 29866 —————————— Caledonia Formation. Fragmental J.E. Hazel, N. F. Sohl, and E. G.
rudists and other mollusks from a Kauffman, 1966. .
R 60 ——— 30042 ——————-—— Guinea Corn Formation. Locality
conglomerate containing igneous .
. same as preceding, but from a
and metamorphic pebbles. Buck Is-
land (Buck Island National Monu- blue-gray shale 2 m above. N. F.
Sohl and W. O. Ross, 1971.
ment) about 2.57 km north of Yel- ) . .
; : 60a -—— 30043 ~———————— Guinea Corn Formation. Locality
low CIliff Bay, St. Croix. John .
Whetten. 1968. same as preceding but from base
’ of bluffs. N. F. Sohl and E. G.
Kauffman, 1966.
JAMAICA 61 ——— 29972 ————r Guinea Corn Formation. Rio Minho
Central Inlier section; locality same as 29961 (lo-

53 ~———— 30032 ———————— Slippery Rock Formation. Bluffs cality 59), but downstream. Blue-
along Slippery Rock River, up- gray silty sandstone about 34.1 m
stream about 100-150 m from above the Bullhead Volcanics.
bridge of the Frankfield to Mocho N.F. Soh], E. G. Kauffman, A. G.
road and 2.57 km airline south of Coates, and J. E. Hazel, 1966.
church at Nine Turns. A. G. 62 ———— 29973 ————ov Guinea Corn Formation. Rio Minho
Coates, W. O. Ross, and N. F. section; locality same as 29961 (lo-
Sohl, 1971. cality 59). Dark blue-gray shale,

54 ———— 29451 —— e Guinea Corn Formation. Thin bed of 35 m above the top of the Bullhead
rudist limestone exposed in a low, Volcanics. N. F. Sohl, E. G. Kauff-
1-m-thick, cut on a farm road 3.6 man, A, G. Coates, and J. E.
km a little north of west of Chapel- Hazel, 1966.
ton. 432,000N x 447,000E. A. G. 63 ———— 29976 ————————— Guinea Corn Formation. Rio Minho
Coates, J. E. Hazel, E. G. Kauff- Section; radiolitid rudist-bearing,
man, and N. F. Sohl, 1966. rubbly limestone 40.87 to 42.4 m

55 ——— 29452, 29454 ——— Guinea Corn Formation. Fields on above the Bullhead Volcanics.
hill slope above the roadcuts at E. G. Kauffman, A. G. Coates,
preceding locality (29451) but J. E. Hazel, and N. F. Sohl, 1966.
about 10 M higher in the section. 64 ———— 29978,30044 ——— Guinea Corn Formation. Rio Minho
J. E. Hazel, E. G. Kauffman, Section; blue-gray, dark shale 48.8
N. F. Sohl, and A. G. Coats, 1966. to 52.5 m above the Bullhead Vol-

56 ——- 30039 ————————— Guinea Corn Formation. Logie canics. E. G. Kauffman, A. G.
Green Section; exposure in cuts of Coates, J. E. Hazel, N. F. Sohl, 1966.
the Spaldings to Frankfield road 65 ———— 29979 ————————ev Guinea Corn Formation. Rio Minho
at the 10.4-mile post. 2.09 km section; blue-gray shale about 52.5
west northwest of Grantham. N. F. m above the Bullhead Volcanics.
Sohl, W. O. Ross, and A. G. Coates, N. F. Sohl, A. G. Coates, J. E.
1971. Hazel, E. G. Kauffman, 1966.

57 ——- 30040 ——————- Guinea Corn Formation. Logie 66 ——— 29980 ————————— Guinea Corn Formation. Rio Minho
Green section; exposures in cuts of section; silty cobbly limestone 53.4
the Spaldings to Frankfield road to 55.5 m above the Bullhead Vol-
about 50 to 75 m east of locality canics. A. G. Coates, J. E. Hazel,
30039. N. F. Sohl and W. O. N. F. Sohl, and E. G. Kauffman,
Ross, 1971. 1966.

58 ———— 31487 ———————— Guinea Corn Formation. Exposures 67 ——— 29981 — Guinea Corn Formation. Rio Minho

section; brown shale and nodular
limestone 67 m above top of the

Bullhead Volcanics. J. E. Hazel,

N. F. Sohl, E. G. Kauffman, and
A. G. Coates, 1966.
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USGS Mesozoic USGS Mesozoic
colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),
(fig. 20) identified) year of collection (fig. 20 identified) year of collection

68 ——— 29982 —— Guinea Corn Formation. Exposure of in banks of the Rio Minho at same
gray silty shale in banks of the locality (73) as 30050. N. F. Sohl
Rio Minho, 67.3 m above the base and W. O. Ross, 1971.
of the formation at same locality 76 ———— 30056 ————————— Guinea Corn Formation. From a
(59) as 29961. A. G. Coates, J. E. 0.9-m shale, 81.4 m below the
Hazel, N. F. Sohl, and E. G. Kauff- Summerfield Formation exposed
man, 1966. in banks of the Rio Minho at same

68a —— 29985 ——————— Guinea Corn Formation. Limestone locality (73) as 30050. N. F. Sohl

containing volcanic pebbles 70.1- and W. O. Ross, 1971.
74.7 m above the base of the for- 77 ——- 30061 ———————— Guinea Corn Formation. Exposures
mation at same locality (59) as in streambed and banks of the Rio
29961. N. F. Sohl, J. E. Hazel, Minho 2.3 km N. 30°W. of Frank-
E. G. Kauffman, and A. G. Coates, field Post Office, Clarendon Parish.
1966. Collection from a 2.4—m-thick

69 ——- 29987 —————— Guinea Corn Formation. Massive blue-gray shale, about 76 m above
limestone exposed in banks of the the base of formation. N. F. Sohl
Rio Minho 76.2 m above the base and W. O. Ross, 1971.
of the formation at same locality 78 ———— 30141 ——————— Guinea Corn Formation. Locality
(59) as 29961. J. E. Hazel, E. G. same as that for 30061 (loc. 77)
Kauffman, N. F. Sohl, and A. G. but from a cobbly radiolite-rich
‘Cpates, 19686. . shale about 73.3 m above base of

70 ———— 29988 ————————— Guinea .Com Formalflon..Blue-gray formation. N. F. Sohl and W. O.
shale in banks of Rio Mmho, 82.3m Ross, 1971.

?bov'.a base of formation at same 79 ——— 30063 ———————— Guinea Corn Formation. Locality
ocality (69) as 29961. N. F. Sohl,

E. G. Kauffman, A. G. Coates, and same as that for 3lOO61 (loc. 77),
J. E. Hazel, 1966, but from a brownish hackly shale

71 ———— 29989 —————————— Guinea Corn Formation. Interbedded abot.lt 70.73 m above base of for-

. mation. N. F. Sohl and W. O.
cobbly limestone and shale ex- Ross. 1971
posed in banks of the Rio Minho R ’ )
82.9-85.9 m above the base of the 80 ——— 18011 ———————— Guinea Corn Fox.‘ma1.;1on. Near second
formation at same locality (59) as outcrop of rudist limestone, 16.9
29961. E. G. Kauffman, J. E. to 17.3 km from Spaldings. Soft
Hazel, A. G. Coates, and N. F. yellow calcareous marl full of ru-
Sohl, 1966. dists, together with corals, decapod

72 ———— 29990 - Guinea Corn Formation. Chiapasella- crustacean fragments, mollusks,
rich limestone exposed in banks of etc. Logie Green road, faulted
the Rio Minho about 87.8 m above against red shales, Midfllesex
base of the formation at same lo- Cot}nty, Clarendon Parish, Ja-
cality (59) as 29961. N. F. Sohl, 1966. maica. C. A. Matley, 1939.

73 ——— 30050 ———————— Guinea Corn Formation. From near 81 —— 18014 —————— Guinea Corn Formation. Rudist
base of 6.3-m-thick light-gray marls, very fossiliferous Logie
limestone 6.7 m below the contact Green section, 17.7 to 19.3 km
with the volcanic rocks of the from Spaldings, Middlesex County,
Summerfield Formation exposed in Clarendon Parish, Jamaica. C. R.
banks of the Rio Minho, 2 km N. Matley, 1939.
30°W. of Frankfield Post Office. 82 ———— 18016 ——-—————— Guinea Corn Formation. Logie Green
N. F. Sohl and W. O. Ross, 1971. section, continuation of 18014 beds

74 ——— 30054 - Guinea Corn Formation. From middle containing more rudists, Middle-
part of the 19.8-m unit of inter- sex County, Clarendon Parish, Ja-
bedded cobbly limestone and mas- maica. C. A. Matley, 1939.
sively bedded radiolite limestone, 83 ——~ 18017 —————— Guinea Corn Formation. “Bad Rock,”
59.8 to 79.6 m below the Summer- nodular rudist beds, slipping over
field Formation at same locality solid limestone. Logie Green sec-
(73) as 30050. N. F. Sohl and tion, 17.7 to 19.3 km from
W. O. Ross, 1971. Spaldings, at embanked area at a

75 ——— 30058 —————————— Guinea Corn Formation. From 0.6-m bend above Rio Minho, Middlesex

shale about 82.6 m below the
Summerfield Formation exposed

County, Clarendon Parish. C. A.
Matley, 1939.
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USGS Mesozoic USGS Mesozoic
colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),
(fig. 20) identified) year of collection (fig. 20) identified) year of collection
84 ——— 18019 —————————— Guinea Corn Formation. Horizon Parish, 18°17'47"N., 77°54'54"W.
probably high in rudist limestone. N. F. Sohl, E. G. Kauffman, A. G.
Logie Green section, beyond tuffs Coates, and J. E. Hazel, 1966;
at 12-mile post, Middlesex County, W. O. Ross, A. G. Coates, and
Clarendon Parish. C. A. Matley, N. F. Sohl], 1971.
1939. 93 ———— 29925, 30027 ——— “Titanosarcolites limestone.” Local-
85 ——— 18020 ————-————— Guinea Corn Formation. Nodular ity same as preceding but from the

marly clays or marl with rudists
(slipping). Logie Green Section,
19.3 to 20.9 km from Spaldings,
Middlesex County, Clarendon Par-
ish. C. A. Matley, 1939.

86 ———— 18023 —————-—— Guinea Corn Formation. Nodular
limestone interbedded with marl,
and shale, containing small ru-
dists. Logie Green Section on road
to Spaldings, at Grantham, near
but before the crossing of the
White Rock River, at near road
level, Middlesex County, Claren-
don Parish. C. A. Matley, 1939.

87 ——- 18024 ———————— Guinea Corn Formation. On path
rising above the preceding locality
and at a higher stratigraphic
level, Logie Green section, Middle-
sex County, Clarendon Parish.

C. A. Matley, 1939.

88 ———- 18029 —~——————— Guinea Corn Formation. Top beds of
rudist limestone. White Rock
River Road about 300 m before 3-
mile post, Middlesex County, Clar-
endon Parish. C. A. Matley, 1939.

89 ——- 18031 -~ Guinea Corn Formation. Gastropod
bed 7.2 cm thick exposed along the
Frankfield-Trout Hall Road, at
28.6 km, Middlesex County, Clar-
endon Parish, Jamaica. C. A. Mat-
ley, 1939.

90 ——- 18033 —————-— Guinea Corn Formation. Rudist
limestone. Content Gully, Frank-
field, Middlesex County. C. A.
Matley, 1939.

91 ——— 18034 ————me— Guinea Corn Formation. Shale con-
taining thin calcareous layers be-
low rudist limestone. Above left
bank of stream, carbonized plant
remains, small oysters, tiny mol-
lusks, etc. Content Gully, Frank-
field, Middlesex County. C. A.
Matley, 1939.

Marchmont Inlier

92 ———- 29924, 30028 ———- “Titanosarcolites limestone.” Lower
1.6 m of section in shaly, cobbly
limestone exposed at a hairpin
bend of the Ducketts to Greenwich
road 0.32 km airline E.20° N. of
Ducketts Crossroads, Ducketts
land Settlement, Westmoreland

middle of a 0.7-m unit of yellow-
ish shale overlying the shaly lime-
stone of the preceding. N. F. Sohl,
E. G. Kauffman, A. G. Coates, and
J. E. Hazel, 1966; N. F. Sohl,

W. O. Ross, and A. G. Coates, 1971.

94 ——— 29926 ————————— “Titanosarcolites limestone.” Local-
ity same as 29924 (loc. 92) but
from 1.3-m radiolite limestone bed
overlying preceding locality (29925).
N. F. Sohl, E. G. Kauffman, A. G.
Coates, and J. E. Hazel, 1966.

95 ——— 29927 ————————— “Titanosarcolites limestone.” Float
in fields on hillslope below 29924
(loc. 92), 0.32 km W.30°N. of
Ducketts Crossroads, Ducketts
Land Settlement, Westmoreland
Parish, 18°17'49"N., 77°54'563"W.
E. G. Kauffman, A. G. Coates,

J. E. Hazel, and N. F. Sohl, 1966.

96 —— 29921 ———————— “Titanosarcolites limestone.” From a
5-m-thick, gray cobbly limestone
32 m above a brownish shale in a
section measured from edge of ba-
nana field and directly up hill
slope to road level 0.48 km (air-
line) northeast of Ducketts Cross-
roads, 18°17'54"N., 77°54'57"W.
A. G. Coates, J. E. Hazel, N. F.
Sohl, and E. G. Kauffman, 1966.

97 —- 30026 ———————— “Titanosarcolites limestone.” Reddish-
brown shale exposed in cuts of the
Cambridge to Lambs River road at
Ducketts Crossroads, 2.17 km (air-
line) south-southeast of the railroad
station in Cambridge, 18°17'43"N.,
77°54'46"W. N. F. Sohl, W. O.
Ross, and A. G. Coates, 1971.

98 ———— 30030 —~—-————— “Titanosarcolites limestone.” Expo-
sures of calcareous sandstone on
north bank of east-flowing tribu-
tary of Great River west of Lambs
River road, 0.97 km south of Duck-
etts Crossroads, Westmoreland
Parish, 18°1712"N., 77°54'43"W.
W. O. Ross, A. G. Coates, and
N.F. Sohl, 1971.

99 ———— 30462 ——-——————— “Titanosarolites limestone.” St.
Leonard to Seafordtown road, 0.56
km northeast (airline) of Seaford-
town junction, Westmoreland Par-
ish, 18°14’59"N., 77°53'55"W.
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colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
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E. G. Kauffman and N. F. Sohl, ately west of bridge of secondary
1972. road, about 40 m south of Chester-
100 ——— 30467 ——————— “Titanosarcolites limestone.” From field Bridge-Seafordtown road,
upper part of 6.5-m-thick unit of 18°13'50"N., 77°562"27"W. N. F.
gray shale below a 1.5-m-thick Sohl and E. G. Kauffman, 1972.
radiolite limestone exposed in cuts | 106 ———— 30455 ————————— “Titanosarcolites limestone.” Cuts of
of the St. Leonards to Marchmont Ducketts to Lambs River road 1.85
road at the south edge of March- km (airline) south of Ducketts Cross-
mont, or 0.16 km (airline) south of roads, 18°16'32"N., 77°54'42"W.
the road intersection in March- N. F. Sohl and E. G. Kauffman,
mont, 18°15'34"N., 77°52'53"W. 1971.
N. F. Sohl and E. G. Kauffman, 107 ——— 30480 ————————— “Titanosarcolites limestone.”
1972. Brownish-gray shale exposed in
101 ———- 30460 ————————— Shales below “Titanosarcolites lime- stream bluff about 3 m above
stone.” Exposures of reddish-brown water level on right bank of tribu-
shale that overlie brownish sand tary of the Great River, immedi-
in cuts of Lambs River to Seaford- ately west of bridge of secondary
town road, 1.45 km (airline) north- road, about 40 m south of the
west of Lambs River, Westmoreland Chesterfield Bridge to Seafordtown
Parish, 18°15'02"N., 77°54'30"W. road, 18°13'59"N., 77°52'27"W.
E. G. Kauffman and N. F. Sohl, N. F. Sohl and E. G. Kauffman,
1972. 1971.
102 ———— 30456 ————————— “Titanosarcolites limestone.” Expo-
sures in cuts of the Lambs River Jerusalem Mountain Inlier
to Marchmont road, 1.5 km (air- 108 ——— 30421 ~———————— “Titanosarcolites limestone.” Cobbly

102a ——- 30457

103 ———— 30471
104 ——— 30472
105 ——— 30473

105a ——- 30476

line) north-northeast of Lambs
River. Collection from a 3-m-thick
gray silty shale 6 m above the
base of the section, 18°16724"N.,
77°54'46"W. N. F. Sohl and E. G.
Kauffman, 1971.

Locality same as loc. 102 (30456),
but from a 1.5-m-thick shale 11 m
above base of section. N. F. Sohl
and E. G. Kauffman, 1971.

“Titanosarcolites limestone.” Sea-
fordtown to Chesterfield Bridge
road, 0.93 km (airline) south of
Seafordtown road junction. Collec-
tion from 2-m-thick brownish-
gray shale, 3 m above base of sec-
tion, 18°14"18"N., 70°53'52"W.

E. G. Kauffman and N. F. Sohl,
1972.

“Titanosarcolites limestone.” Locality
same as for 30471, but from a 1.5-
m-~thick brownish clay containing
abundant corals, 5 m above base
of section. N. F. Sohl and E. G.
Kauffman, 1972.

“Titanosarcolites limestone.” Locality
same as that for 30471 (loc. 103),
but from a 6-m-thick nodular to
cobbly gray radiolite-coral-rich lime-
stone that caps the section. E. G.
Kauffman and N. F. Sohl, 1972.

“Titanosarcolites limestone.” Bluff
along right bank of east-flowing
tributary of Great River immedi-

limestone exposed in roadcuts 1.13
km (airline) southeast of Jerusalem
Mountain crossroads, 18°19'0”N.,
78°13'32"W. E. G. Kauffman and
N. F. Sohl, 1971.

109 ———— 30011, 30422 ———— “Titanosarcolites limestone.” Ex-
posed in roadcuts of road to Mount
Eagle 1.07 km (airline) southeast
of Jerusalem Mountain road inter-
section on path to Assemblage of God
Church, 18°1859"N., 78°13'36"W.
W. O. Ross, A. G. Coates, and
N. F. Sohl, 1971; N. F. Sohl and
E. G. Kauffman, 1971.

“Titanosarcolites limestone.” Road-
cuts along Jerusalem Mountain to
Belle Isle road, northeast of houses
that sit on “‘oyster limestone” out-
crops, about 330 m (airline) north-
east of intersection with the Blairs
Hill to Jerusalem Mountain road.
18°1929”N., 78°13'14”"W. N. F.
Sohl, E. G. Kauffman, and J. E.
Hazel, 1966.

“Titanosarcolites limestone.” Float
from covered interval in sections
in roadcuts at the same locality as
that for 29465 (loc. 110). E. G.
Kauffman, J. E. Hazel, and N. F.
Sohl, 1966.

“Tjtanosarcolites limestone.” From
a 0.6-m-thick rubbly limestone
exposed about 3 m above road
level at same locality as that for

110 ——- 29465

111 ——— 29466

112 ———— 29467
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USGS Mesozoic USGS Mesozoic
colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),
(fig. 20) identified) year of collection (fig. 20) identified) year of collection
29465 (loc. 110). J. E. Hazel, E. G. north-trending valley 0.97 km (air-
Kauffman, and N. F. Sohl, 1966. line) S.40°W. of Green Island,
113 —— 29473 ———————— “Titanosarcolites limestone.” From 18°22'49"N, 78°16'49"W. N. F.
1-m-thick rubbly limestone about Sohl, A. G. Coates, and W. O. Ross,
100 m east of 29465 (loc. 110), 1971.
about 7 m above base of measured
section. N. F. Sohl, J. E. Hazel Sunderland Inlier
and E. G. Kauffman, 1966. 122 ——— 29939, 30014 —-- Stapleton Formation. Roadcut expo-
114 —~— 29475 ———o “Titanosarcolites limestone.” From sures south of Stap]eton on road to
massive 1-m-thick limestone unit Kensington and from a 0.4-m-thick
about 7.5 m above base of mea- bed of coarse bioclastic limestone
sured section, 120 m east of 29465 2.4 km (airline) south-southeast of
(loc. 110). E. G. Kauffman, J. E. Sunderland Bridge, St. James Par-
Hazel, and N. F. Sohl, 1966. ish, 18°2247"N., 77°50'07"W.
115 —~— 29476 —————————— “Titanosarcolites limestone.” From N.F. Sohl, E. G. Kauffman, A. G.
cobbly limestone in shale overly- Coates, and J. E. Hazel, 1966;
ing 29475, about 8 m above base N. F. Sohl, W. O. Ross, and A. G.
of measured section 120 m east of Coates, 1971.
29465 (loc. 110). J. E. Hazel, N. F.
Sohl, and E. G. Kauffman, 1966. St. Anns Great River Inlier
Maldon Inlier 123 ——— 30065 ———————— Exposures of dark-gray shale in
116 ——-- 29953,30023 ——— Woodland Shale. From a yellowish- EL‘;ftf:e‘;;S:ﬁ e fgga:li‘;gér
brov.vn silty clay 3 m above base of than the shales exposed at the
:;ceti\(/);::\l?lr:rix ili)r(:i:sf(;iz I;(:tho::; ford south-southeast of St. Ann’s
Flamstead Road, 1.93 km (airline) }fggl'.N' F. Sohl and W. O. Ross,
north of the crossroads at Flam-
stead, St. James Parish. J. E.
Hazel, N. F. Sohl, E. G. Kauffman,
and A. G. Coates, 1966. C.'UBA
117 ——— 30019 —-—————— Vaughansfield Limestone. Collection | 124 === 18283 —————m—mv Habana Formation? From exposures
from float weathering out on hill in a small unnamed creek, 1.0 km
slopes downslope (north) from west otr thg stz;\ckctif Ce;tral. Perse-
Flamstead to Maroontown road, vere‘u?ma, anta {-lara trovince,
St. James Parish, 1.77 km (airline) Emilio Alema{), date unkn0w1}.
southwest of Maroontown. A. G. 125 ——— 19464, 19465 ——— Habana Formation? Exposures in
Coates, W. O. Ross, and N. F. Sohl, }b;ed of rti‘vse T easZsout;h.ea;g 03fk
1971, ouse of Senor Aparicio 25.3 km
118 ————- 29951 ————————— Maldon Limestone. Exposures east of Ce.ntral eranda on south
titanosarcolites-rich limestone in bank. of Rio Sumlde%‘o, Oriente,
the schoolyard of Maldon school- Province. G. E,‘ Lewis, 1945.
yard, 0.21 km (airline) N.74°W. of 126 ——— 27169 ———————— Habana Formation. 1§O m north of
Maroontown, St. James Parish. (895P Palmer Grua Esperanza, which is 6 km
J. E. Hazel, N. F. Sohl, E. G. Collection) east of Madruga, Habana Prov-
Kauffman, and A. G. éoates,, 1966. ince. R. H. Pal.mer, 1942. R
119 ——— 29955, 30017 ——— Maldon Limestone. Yellowish-brown 127 ——~ 27266 —-—-e Habana F"ormatwn. 500 m 8. 20° E.
30018 shale 1.1 m above base of mea- (2793 Palmer of Negrito and 8.5 km south-
sured section in roadcuts and adja- Collection) southeast of Qentral Soledad, San-
cent fields near Chatsworth School ;a(;:;lara Province. R. H. Palmer,
;‘It. gga\v{,%?;ﬁmt:ixfé??:ﬁgs 128 ———n 27277 —oeeeeeee Habana Formation. El Abra, 20 km
Parish. N. F. Sohl, E. G. Kauffman; (2941 Palmer east and 6 km south of Central
A. G. Coates, and J. E. Hazel, Collection) HormIi{gtgrti; Slanta f;i;a Prov-
. ince. R. H. Palmer, .
;igﬁﬁ?”ﬁ.%oiz Si's)?lG Coates, 129 ——— 27278 — e Habana Formation. South slope of
(2942 Palmer Loma Campana about north of
Green Island Inlier Collection) Grua Campana, Central Hormi-
121 ——- 30007 ———————— “Barrettia Limestone.” Limestone guero, Santa Clara Province. R. H.

from high on west-facing wall of

Palmer, 1942,
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USGS Mesozoic

USGS Mesozoic

colln. No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
Locality No. (unless otherwise description of locality, collectors), Locality No. (unless otherwise description of locality, collector(s),
(fig. 20) identified) year of collection (fig. 20) identified} year of collection
130 ——— 27295 Habana Formation. Copper mine, 6 140 ——— 13150 —————— Fredericksburg Group. From top of
(Original No. km south of Fomento and west of 9.15-m cliff-forming limestone
3144) Fomento-Sipiabo road, Santa Clara that caps summit of Big Spring
Province. Cuba. R. H. Palmer, 1944. Mountain mesa, Howard County.
W. B. Lang and T. W. Stanton, 1925.
MASSACHUSETTS, U.S.A. 141 ———— 13196 ——————— Washita Group (possibly Denton
131 ———— 9568 ——————————- Raritan Formation. Sideritic erratic Clay equivalent). Top of low mesa
cobble derived from cliffs of Gay 2.4 km north of west of Leon
Head, Martha’s Vineyard. J. B. Spring Reservoir, west of Fort
Woodworth, 1889. Stockton, Pecos County. W. B.
Lang and T. W. Stanton, 1925.
TEXAS, U.S.A. 142 ———— 14185 ———————— Washita Group. Actaeonella bed,
132 ——— 1632 ~———— “Caprina Limestone” (Edwards 7.6 to 9.1 m below big sandstone
Limestone). About 9.65 km north- at top of Trinity Group north of
east of Kerrville on the road to highway 49.9 km east of Mara-
Fredricksburg, Kerr County. R. T. thon, Brewster County. T. W.
Hill, T. W. Vaughan, and T. W. Stanton and W. P. Popenoe, 1928.
Stanton, 1895. 143 —— 14186 ————————— Washita Group. On north side of
133 ~—— 1926 ————————— Buda Limestone(?). 7.24 km a little highway 49.9 km east of Marathon,
south of west of Kent, Culberson from a loose fragment of limestone
County. T. W. Stanton, 1898. on slope beneath sandstone of
134 ——- 1941 Devils River Limestone (upper part). upper part of Trinity Group. Prob-
Near base of box canyon about ably float from above the Trinity,
91.5 m below level of the track of Brewster County. T. W. Stanton
the G. H. and S. A. Railroad at and W. P. Popenoe, 1928.
the high bridge over the Pecos 144 ———— 14236 ——————— Washita Group (Buda Limestone?).
River, 4.8 km east of Shumla, Val Davis Mountain Station junction
Verde County. T. W. Stanton, 1898. of Texas and Pacific Railroad and
135 ——~ 1946, 18791 —-——- Devils River Limestone (upper part). Bankhead highway, 1.6 km east of
Painted Caves on the Rio Grande Kent and 30 m above the base of
River 1.6 km below the mouth of exposure, Culberson County. Col-
the Pecos River, Val Verde County. lectors: T. W. Stanton and W. P.
T. W. Stanton, 1898; W. F. Cum- Popenoe, 1928.
mins, 1898(?). 145 ——- ———— “Thorp Springs Limestone Member”
136 --— 11853 —————————— Washita Group. Top of mesa about of the Glen Rose Formation. Expo-

137

138

139

2.4 km south of Texon Oil Com-
pany Santa Rita well, 22.4 km
west of Big Lake, Reagan County.
T. W. Stanton and J. A. Udden,
1923.

Upper limestone of the Washita
Group. Cut and adjacent ravine on
the Kansas City and Orient Rail-
way, 4 km southeast of Big Lake,
Reagan County. T. W. Stanton
and J. A. Udden, 1923.

Devils River Limestone. About 27.4 m
below top of formation in cuts of
the highway on east side of the
Pecos River bridge, Comstock
Quadrangle. T. W. Stanton, 1923.

Devils River Limestone (top). 1.5 m
of limestone in bed of Middle Fork
of Sycamore Creek, 1.2 km south-
east of Havilien Oil Company’s
Weatherbee Well No. 10, about
33.8 km east of Del Rio (Del Rio
Quadrangle) Kinney County. T. W.
Stanton and W. H. Ritchey, 1923.

sures in roadcuts on IM 1715, 0.96
km northwest of Morgan Mill,
Erath County.
146 ———- UT1036TX1-6 —— Edwards Limestone. Locality un-
Texas Memorial  specified, Williamson County.
Museum

NEW MEXICO, U.S.A.

4 km southwest of Doyles Well, be-
tween and in line with the corner
monument and the highest peak of
Hatchita Mountain (apparently ex-
posures on the south flank of
Sierra Rico) in sec. 2, T. 20 S., R.
14 W., Hidalgo County. E. A.
Mearns, 1892.

147 ——— 1694

MEXICO

Limestone exposures near Ocuilapa,
2 leagues from Ocozocuautla and 2
leagues from Chapopote, Municipio
de Ocozocuautla de Espinsa, State
of Chiapas. (Maldonado-Koerdell,
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shale 28.8 m thick and 502.5 m
below the top of Bruce Wade’s
measured section (unit 67 of Im-
lay, 1944, p. 1137), east and south-
east of Cardenas, State of San
Luis Potosi. Bruce Wade, 1923.

28218 - Cardenas Formation. Locality same
as that for 28187, but from unit 69
of Imlay’s (1944, p. 1137) portrayal
of Wade’s Cafion Canada section,
a 5.5-m-thick unit of shale and
limestone 482 m below top of sec-
tion. Bruce Wade, 1923.

28216 —————-———— Cardenas Formation. Locality same
as that for 28187, but from unit 80
of Imlay’s (1944, p. 1137) portrayal
of Wade’s Cafion Canada section,
a 60-m-~thick unit of brown calca-
reous sandstone and shale 342.7 m
below top of section. Bruce Wade,
1923.

28219 —————————— Cardenas Formation. Locality same
as that for 28187, but from uni 98
of Imlay’s (1944, p. 1137) portrayal
of Wade’s Cafion Canada section,
an 8.8-m-thick red and gray shale
unit, 60 m below the top of the
section. Bruce Wade, 1923.

28217 —— e — Cardenas Formation. About 2 km
west of Lima and southwest of
Valles, State of San Luis Potosi.
Bruce Wade, 1923.

USGS Mesozoic USGS Mesozoic
colln, No. Geographic locality, stratigraphic assignment, colln. No. Geographic locality, stratigraphic assignment,
(unless otherwise description of locality, collector(s), Locality No. (unless otherwise description of locality, collector(s),
identified) year of collection (fig. 20 identified) year of collection
1950, p. 189.) J. T. Singewald, Jr., GUATEMALA
1922. 160 ———— 28327 —————em—— Albian Limestone. Gravity station
——————————————————— Rancho Neuvo Beds (upper part). (Sohio Company) No. 972. 2 km
Ocuilapa Road at 5 km northwest east of Sojio, Robert H. Ray Geo-
of Ocozocuautla, State of Chiapas. physical Survey, about 12 km
L. J. Chubb, 1956. south of La Libertad, Peten. Bar-
——————————————————— Rancho Nuevo Beds (upper part). num Brown, 1948 and 1950.
Escarpment 1.5 km northwest of
Ocozocuautla, State of Chiapas. CALIFORNIA, US.A.
L. J. Chubb, 1956. [Collectors and date not recorded]
11467 ------———- Aquilapa, north of Ocozocuautla, 161 ——-— CAS. 27831, ———— Stinking Canyon, 2.4 km north of
State of Chiapas. Raymond Lei- 28103 Fraziers Corners, Shasta County.
bensperger, 1922. 162 ———— CAS. 10664~ —-— 4.8 km north of Bellavista, 3.2 km
24392 ——————-——- Cardenas Formation. 3.2 km south 10666, 27831 above the Cawkins home on Little
of Rayon, State of San Luis Potosi. Cow Creek, Shasta County.
Kenneth Segerstrom and Carl 163 ———— CAS. 444, 10663 — Rocky Gulch near Hornbrook, Sis-
Fries, Jr., 1952. kiyou County.
24394 ————— Cardenas Formation. Locality same 164 ——— CAS. 33721-——— South Fork Cow Creek, Shasta
as that for USGS 24392 (loc. 152); County.
collections from a few meters 165 ———— CAS.53169--———— Woodman Creek, Shasta County.
higher in the section. Kenneth 166 —~—— CAS.444A ————— Near Klamath River 2.4 km south
Segerstrom and Carl Fries, Jr., of Hornbrook, Siskiyou County.
1952. 167 ——— CAS.733————— 8 km southwest of Corona, Orange
26615 ——-——-——— 100 m east of point 923 on the sec- County.
ond limestone ridge west of Cuau- 168 ——— CAS.1293————— Bella Vista District, Shasta County.
tala, Zacatepec district, State of
Morelos. Carl Fries, Jr., 1955. ALASKA, US.A.
28187 —— - — Cardenas Formation. Calcareous 169 ——— 2672 Right bank of the Yukon River, 8 km

above Nohatatietin, Yukon. A. J.
Collier, 1902.

170 ——- 2179 ————————— From above Nulato and below Pick-
art’s coal mine, on the north or
right bank of the Yukon River,
Koyukuk River region. F. C.
Schrader, 1899.

SYSTEMATIC PALEONTOLOGY

In the following descriptions, morphologic terminol-
ogy generally conforms with that used in “Treatise on
Invertebrate Paleontology’” (Cox, 1960). In the sections
on measurements, the following abbreviations are
used:

H, total height of shell, measured in millimeters paral-
lel to axis of coiling.

MD, maximum diameter of shell, measured in milli-
meters normal to axis of coiling.

PA, pleural angle, measured in degrees.

HB, height of body whorl, measured parallel to axis of
coiling.

Under the section on types, the following abbrevia-
tions are used:

USNM, U.S. National Museum
USGS, U.S. Geological Survey Mesozoic Locality
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UT, University of Texas
CAS, California Academy of Sciences

The numbers listed for areas cited in sections on
occurrence refer to detailed locality information pro-
vided in the locality register (p. 35).

Superfamily ACTEONIDAE
Family ACTAEONELLIDAE

Genus TROCHACTAEON Meek, 1863

Type by original designation, Actaeonella renauxiana
d’Orbigny

Diagnosis.—Elongate ovate to subcylindrical, mod-
erately thick walled shells. Breadth of body whorl
greatest above midheight. Spire gently concave to con-
vex in profile and less than half total shell height.
Aperture elongate, broadening anteriorly, posteriorly
sinused; inner lip callused, columella normally bearing
three prominent folds but rarely two or four; outer lip
smooth or bearing one low ridgelike plait.

Discussion.—A detailed review of the older views on
the genus has been given by Kollmann (1967). Although
many subdivisions of the genus have been made by
Meek (1863) and Hacobjan (1963, 1972), we recognize
only four valid subgenera, as discussed below: Trochac-
taeon (Trochactaeon) Meek, 1863; T. (Neocylindrites)
Sayne, 1932; T. (Sevanella) Hacobjan, 1972; T. (Mexico-
trochactaeon) Hacobjan, 1972.

Subgenus Trochactaeon Meek, 1863

Type by original designation Actaeonella renauxiana
d’Orbigny.

Diagnosis.—Proportional breadth of shell high for
genus (height/width ratio 1.4:1 to 2:1) and thick walled.
Spire height variable, whorl sides well rounded.
Growth lines arcuate. Aperture expands anteriorly;
parietal lip smooth; columella with three or rarely four
plaits, one as a high palatal ridge.

Discussion.—Subjective synonyms include: Spirac-
taeon Meek, 1863; Mesotrochactaeon Hacobjan, 1972;
Neotrochactaeon Hacobjan, 1972; Purpuractaeon
Hacobjan, 1963.

In 1863, Meek erected the genus Spiractaeon for
high-spired species that we here assign to Trochac-
taeon (Trochactaeon). Recognition of Spiractaeon is
untenable because the proportional height of spire
within the individual species Meek assigned is so vari-
able that it encompasses the full spectrum of form
shown within Trochactaeon (Trochactaeon) and
Spiractaeon.

Neotrochactaeon was proposed by Hacobjan (1972) to
accommodate species whose shells have an especially
low spire and strongly inflated whorls. The included
species show a considerable variety of form, so far as
shell obesity and spire height are concerned. In this

sense, many species would fall within the definition of
Spiractaeon Meek, here considered a synonym of T.
(Trochactaeon). Other species, such as Actaeonella
(Trochactaeon) burckhardti Bose and A. (T.) quadripli-
catus Bose bear a ridge on the inner surface of the outer
lip and are more properly considered members of 7.
(Mexicotrochactaeon). The taxonomically crosscutting
nature of Neotrochactaeon makes it of little value, and
it is thus considered unusable.

We also consider the genus Mesotrochactaeon Hacob-
jan, 1972, as a synonym of T. (Trochactaeon). It was
established for a group of Trochactaeon species with
“elongate-oval to semicylindrical, narrow shells with a
high or medium spire and elongate last whorl; lateral
walls of whorls weakly convex; aperture significantly
widened anteriorly, with the appearance of the ridge-
like fold of the outer lip; three plaits on columella”
(original diagnosis by Hacobjan, 1972, p. 8; translated
from the Russian). In this group, Hacobjan included
some nine species from the Cenomanian(?) and Turon-
ian in an area ranging from California through North
Africa and southern Europe to the Transcaucasus. He
separated these species from Trochactaeon “by the
semicylindrical rather than conoid outlines of the
whorls and of the shell and by presence of a more devel-
oped spire” (original diagnosis by Hacobjan, 1972, p. 8;
translated from the Russian). The group stands in an
intermediate position between T. (Neocylindrites) and
Trochactaeon s.s. relative to overall shell form. How-
ever, the whorls are broad in their lower part, as in
T. (Trochactaeon), and because this characteristic is
probably of more importance than the overall shell form,
we prefer to leave this group within T. (Trochacteon).

Hacobjan (1972) established the new genus Purpur-
actaeon for five species of Trochactaeon that have nodes
on the exterior of the shell. Their relationship will be
discussed under Trochactaeon (Trochactaeon) woodsi
Rennie (1930). The diagnosis of Purpuractaeon is as fol-
lows: ““Shell large conical to oval, spire relatively high;
whorls convex, sutures with a ramp; sculpture consists
of spiral nodes at the upper margin of the whorls; aper-
ture narrow posteriorly, anteriorly widening like a
chamber; outer lip with a rounded ridgelike plait inter-
nally; strong columella with three plaits.” (Original
diagnosis by Hacobjan, 1972, p. 12; translated from the
Russian.)

As diagnosed, Purpuractaeon differs from Trochac-
taeon (Trochactaeon) only by the presence of nodes at the
shoulder. The nodes are formed by a periodic extension
of the mantle. The function of such nodes is presently
unknown, even in many living node-bearing gastro-
pods. The presence or absence of spines or nodes, how-
ever, does not seem to reflect a major change in the
organization of soft parts. Accordingly, we consider
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these species as belonging to T. (Trochactaeon) and
place Purpuractaeon in synonomy.

Subgenus Neocylindrites Sayn, 1932

(Synonym: Paleotrochactacon Hacobjan, 1972)

Type by original designation Trochactaeon (Neocylin-
drites) barremicus Sayn, 1932.

Diagnosis.—“Trochactaeon with cylindrical or nearly
cylindrical sides; whorls enclose the preceding ones to
more than two-thirds of their height; aperture in the
lower part only slightly wider than above; 2 to 3 colu-
mellar plaits.” (Original diagnosis by Kollmann, 1967,
p. 215; translated from the German.)

Discussion.—T. (Neocylindrites) differs from T. (Tro-
chactaeon) by its high cylindrical or subcylindrical
whorls, each of which strongly overlaps the preceding
one. The whorls are narrow, and the shell is therefore
proportionally more slender.

Hacobjan (1972) proposed the genus Palaeotrochac-
taeon on the basis of species that originally were en-
compassed within the concept of T. (Neocylindrites). He
included the following species: T. absalonis Fraas,
T. angustatus Ptselintsev, T. briarti Geinitz, T. cor-
dieroi Choffat, T. crisminensis Choffat (type species),
and T. cylindraceus Stoliczka.

The diagnosis of Palaeotrochactaeon Hacobjan (1972,
p. 6) is as follows: ““Shell small, conical semicylindrical
to cylindrical, with short spire and high last whorl, reg-
ularly tapering at base; surface of whorls flattened and
smooth; aperture elongate and narrow, with straight
thick walls, columella with three plaits.” This transla-
tion of Hacobjan’s diagnosis from the Russian virtually
parallels that of T. (Neocylindrites).

Sayne’s (1932) original description of the type species
of T. (Neocylindrites) indicates a wide range of inter-
specific morphologic variability. Choffat (1901-1902)
figured five specimens of Trochactaeon crisminensis,
the type species of Palaeotrochactaeon Hacobjan, that
show a degree of variability similar to that of T. (N.)
barremicus in whorl convexity, midwhorl depression,
and variable height of the spire. In both T. (Neocylin-
drites) and Palaeotrochactaeon the aperture is high and
narrow. In view of the range of character variability
shown by the two proposed taxa, plus the overall simi-
larity of the two, we see no reason to distinguish
Palaeotrochactaeon from T. (Neocylindrites).

Subgenus Sevanella Hacobjan, 1972

Type by original designation Sevanella laticostata
Hacobjan, 1972.

Diagnosis.—*“Shell of medium to large size ovi-conical,
with high spire. Whorls overall convex but irregular in
profile because of presence of a broad and deep spiral
depression in medial part; sculpture consists of strong,

transverse, foldlike ribs or of spiral rows of nodes that
occur both on upper and lower portions of whorls; aper-
ture short, narrow, and about equal width throughout
its length; plait of outer lip and parietal callus rather
strong, thus giving aperture a somewhat sinuate char-
acter; apertural walls much thickened. Columella mas-
sive and bears three plaits.” (Original diagnosis of
Hacobjan, 1972, p. 12; translated from the Russian.)

Trochactaeon (Sevanella) differs from Trochactaeon
(Trochactaeon) by possessing a strong median depres-
sion of the body whorl and in having strong rounded
transverse ribs above and below this depression. The
palatal ridge is exceptionally strong. According to
Hacobjan’s (1972, pl. 2) figures, the shells also bear a
small parietal ridge which was not mentioned in the
diagnosis.

The subgenus is known only from the type species
from the upper Coniacian of Armenia (fig. 8).

Subgenus Mexicotrochactaecon Hacobjan, 1972

Type by original designation Actaeonella (Trochac-
taeon) acutissima Bose = Actaeonella (Trochactaeon)
coniformis Bose, 1906.

Diagnosis.—“Shell narrow, biconical, or with a con-
ical turriculate spire; last whorl low; upper part of
whorls weakly convex, but narrowing strongly below
toward point, becoming conical in outline anteriorly;
aperture narrow, siltlike, short and very slightly broad-
ened anteriorly; ridgelike plait on the outer lip weakly
developed; columella with 3 plaits.” Original diagnosis
by Hacobjan, 1972, p. 13; translated from the Russian.)

Discussion.—Bose (1906) described 10 species of Tro-
chactaeon from the same stratigraphic horizon within
the Cardenas, Mexico section. These are: Actaeonella
(T.) coniformis; A. (T.) acutissima; A. (T.) occidentalis;
A. (T.) gigantea, A. (T.) inconstans; A. (T.) irregularis;
A. (T.) brevis; A. (T.) planilateralis; A. (T.) potosiana;
A. (T.) variabilis. With the exception of Actaeonella
(Trochactaeon) gigantea Sowerby, Myers (1968), in his
study of the Cardenas section, considers them all as
belonging to the same species, and, following article
24(a) of the International Code of Zoological Nomencla-
ture, he chose the name Trochactaeon coniformis for
Bose’s simultaneously published names. Hacobjan
(1972) established the new genus Mexicotrochactaeon
and selected Actaeonella (Trochactaeon) acutissima
Bose, 1906, as type species. Myers (1968), the first re-
viser of Bose’s species, considered T. acutissima as a
junior synonym of Trochactaeon coniformis.

After examination of a large suite of specimens of the
type species, we find that 7. (Mexicotrochactaeon) can
only consistently be characterized by the presence of a
parietal fold or ridge. Minute differences in the whorl
shape and especially in the palatal ridge, which Hacob-
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jan used as criteria for separating T. (Mexicotrochac-
taeon) and the other subgenera of Trochactaeon, should
not be used for establishing new genera or subgenera
within this group.

Trochactaeon (Trochactacon) woodsi (Rennie)
Plate 4, figures 6-8, 12; plate 5, figures 1-5; plate 6, figures 1, 2, 4, 5;
plate 7, figures 4, 5

1906. Actaeonella (Trochactaeon) sp. Woods, South African Museum
Annals, v. 4, p. 328, pl. 41, fig. 1.

1930 Actaeonella (Trochactaeon) woodsi Rennie, South African Museum
Annals, v. 28, p. 232, pl. 28, figs. 17-21.

Diagnosis.—A Trochactaeon with 11 to 12 strong
nodes at whorl shoulder.

Original description.—“Shell elongately oval, stout.
Spire of about 6 whorls, moderately convex, the shape
obscured by a row of very large, stout tubercles; spiral
angle of 70°-80°. Last whorl longer than the spire,
cylindrical in form, tapering gradually towards the
anterior base tapering more rapidly; posterior part
with a sloping ledge adjacent to the well marked but
shallow suture, the upper part of the whorl ornamented
with 10 to 12 very stout tubercles. Surface smooth,
except for faint growth lines on the last whorl, slightly
convex toward the aperture. Columella short, with three
strong folds, of which the posterior is much stronger
than the other two, and the anterior is weakest. Outer
lip thin.” (Rennie, 1930, p. 232.)

Additional description.—Shells large to very large;
maximum diameter 53-73 percent of total height.
Spire variable in height, whorls convex, all before last
one having 8-10 strong conical tubercles; growth lines
strongly opisthoclinely sinused over tubercles, and
curving opisthoclinely at broad collarlike substural
ramp. Body whorl 68-89 percent of total height, with
11 to 12 tubercles; regularly tapering below tubercles
towards base in early stages, but convex sided or occa-
sionally having midwhorl depression in later growth
stages. Aperture broad, with deep posterior sinus at
suture; columellar lip only slightly expanded and re-
flected at edge, which is formed by uppermost plait.
Plaits decreasing in strength anteriorly. Parietal lip
thin, decreasing slightly in thickness towards posterior
part of aperture. Plaits resorbed anteriorly on all whorls
except for last. Parietal wall of penultimate whorl
resorbed adjacent to columella and forming a scar di-
vided by a small ridge; on earlier whorls, this zone is
completely resorbed and smooth.

Measurements (fig. 26).—The full range of size among
some 27 specimens is: H, 78-166 mm; MD, 52-102 mm;
HB, 61-126 mm; PA, 60°-110°.

Discussion.—The following Late Cretaceous species
of T. (Trochactaeon) that have tubercles or nodes have
been described:

V0 ——— R —

150 — -

130~ o -

110 -

HEIGHT

90— i ]

70— -

sol 1 te {1 4 1 4 ] 1 |
20 30 50 70 90 110

MAXIMUM DIAMETER

FiGURE 26.—Scatter diagram comparing height with width among
selected specimens of Trochactacon (Trochactaeon) woodsi
(Rennie).

T. (Trochactaeon) woodsi (Rennie) from Pondoland,
South Africa (Santonian—Campanian), and Puerto Rico
(upper Campanian-lower Maastrichtian).

T. (Trochactaeon) beyrichi (Drescher) from the Upper
Quader of Giersdorf, the Papanberg near Blankenburg,
and the sandstone of Kieslingswalde near Habelschwerdt
(Bystrzyca Kiedzkaq), Silesian Poland (Coniacian).

Purpuractaeon conicus Hacobjan, 1963, from the
Devi River, Armenian SSR. Because it is<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>